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Enough rock dusting prevents a coal dust explosion from propogating by absorbing heat 
from the  otherwise possible flame. 
adiabatic flame temperatures for coal and coal  plus rock dust with adiabatic flame t e m -  
peratures of gas flames at t h e i r  lean limits of flammability; these calculations show 
t h a t  concentrations of  rock dust i n  mine dust determined empirically t o  be necessary t o  
Iner t  coal dust are  reasonable. Based on this, United States mines a r e  equipped t o  main- 
t a i n  certain incombustible levels i n  t h e  s e t t l e d  dust, created during the  mining process, 
by applying rock dust t o  t h e  surfaces created when the coal is removed. 
enforcing these requirements are  time-consuming and expensive. Results of  a data  gather- 
ing and s t a t i s t i c a l  study t o  f ind methods and procedures f o r  reducing the  number and 
quantity of semples required are  described. 
American coal producers have t o  meet require new developments. 
t iona l  use of air and water t o  control the  respirable  dust w i l l  not be suff ic ient .  
promising method involves t h e  flushing of t h e  cut t ing b i t s  with water while the b i t s  are 
cutting coal. 
has been adapted t o  American continuous miners. The problems encountered and the re- 
su l t s  obtained t o  date, w i l l  be described. 

Theoretical calculations are presented which compare 

Monitoring and 

The present respirable dust standards that 

One 
Optinizing the  conven- 

The water flushing concept, pioneered i n  England for  longwall machines, 
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APPLICATION OF ENGINEERING FUNDAMENTALS 
TO EVALUATION OF DUST COLLECTION DEVICES 

George T.  P r e s t o n  

G a r r e t t  Research a n d  Development Co., Inc .  
L a  Verne, C a l i f o r n i a  91750 

One consequence o f  t h e  h i g h  degree  o f  mechaniza t ion  o f  modern 
coal mining t e c h n i q u e s  i s  t h e  p r o d u c t i o n  of a l a r g e  amount o f  c o a l  
d u s t  dur ing  t h e  p r o c e s s  o f  b r i n g i n g  t h e  coal f rom seam t o  s u r f a c e .  
Wide-spread use  of t h e  c o n t i n u o u s  mining machine h a s  c o n t r i b u t e d  
s u b s t a n t i a l l y  t o  coal  p r o d u c t i o n  f i g u r e s ,  b u t  it h a s  a l so  added 
t o  t h e  l e v e l  of coal d u s t  i n  t h e  a i r  t h e  miner  b r e a t h e s .  Dus t  
c o n t r o l  t e c h n i q u e s  f o r  t h e  area around a c o n t i n u o u s  mining machine 
are  r e l a t i v e l y  i n e f f e c t i v e  up t o  t h e  p r e s e n t ,  compared t o  o t h e r  
d u s t  s o u r c e s  i n  t he  mining  o p e r a t i o n .  

One of t h e  p o s s i b l e  approaches  t o  t h i s  problem i s  t o  col lect  
t h e  d u s t  a t  or n e a r  t h e  mining f a c e  as it i s  g e n e r a t e d .  I n  l a t e  
1969 a one  y e a r  c o n t r a c t  w a s  awarded by t h e  U.S. Bureau of Mines 
t o  G a r r e t t  Research  a n d  Development Company t o  e v a l u a t e  t h o s e  
t y p e s  o f  commercial ly  a v a i l a b l e  d u s t  c o l l e c t i o n  equipment  which 
might  be a p p l i c a b l e  t o  t h i s  purpose.  . 

I n  r e t r o s p e c t ,  t h e  work done i n  performance of t h i s  c o n t r a c t  
p r o v i d e s  a c lear  example o f  how e n g i n e e r i n g  fundamenta ls  can  be 

a p p l i e d  toward solving problems o f  i n d u s t r i a l  s i g n i f i c a n c e .  Two 
such  problems which arose d u r i n g  t h e  p lanning  o f  t h i s  work w e r e :  

r e q u i r e d  of a c o l l e c t i o n  d e v i c e  i n  t h e  underground mining envi ron-  
ment? -- and second,  how c o u l d  w e  e v a l u a t e  r e p r e s e n t a t i v e  d u s t  
c o l l e c t i o n  d e v i c e s  w i t h  o n l y  a smal l  amount o f  time-consuming 
exper imenta l  work, and  y e t  o b t a i n  r e s u l t s  which would be g e n e r a l  
enough t o  a p p l y  t o  d e v i c e s  and o p e r a t i n g  c o n d i t i o n s  o t h e r  t h a n  
t h o s e  specif ical ly  i n v e s t i g a t e d ?  

fizz.=, ;;k,;k is rEoi ; i rable  &Gs'l, w;iat bo 

D e t a i l s  o f  t h i s  work s u c h  as  e x p e r i m e n t a l  p rocedures  are 
d i s c u s s e d  in  e a r l i e r  papers ( 1 , Z )  and i n  the f i n a l  c o n t r a c t  r e p o r t  (3 ) .  
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RESPIRABLE DUST 

! 

Mine dust control regulations currently in effect are based 
on allowable loadings of respirable dust in the mine atmosphere. 
From the legal point of view, respirable dust is that part of the 
total dust which is collected by certain portable sampling devices 
after the dust passes through sections of those devices intended 
to simulate the dust-collecting abilities of the nose and throat. 
In order to specify the performance required of a dust collector 
in a coal mine entry, it is necessary to do the following: 

1. Define the size distribution of the "total dust," i.e., 
the dust generated by a continuous mining machine at a working face. 

2. Compute the size distribution of respirable dust, i.e., the 
part of the total dust which would pass the pre-classifier ("nose 
and throat") of a portable sampler. 

3 .  From an estimate of the respirable dust loading in a mine, 
determine the respirable dust collection efficiency required to 
reduce the respirable dust loading to a legal level. 

Three sources of data on dust from continuous coal mining 
operations were used: the U.S. Bureau of Mines ( 4 ) ,  publications 
of E.J .  Baier (5), and mine samples taken as part of this work. 
With the assumption that the total dust size distribution was 
logarithmic-normal, and after resolving some inconsistencies in 
the available data, it was concluded that a conservative (i.e. 
small) estimate of the size distribution of the total dust near 
the working face is a mass mean diameter of 15 microns with a 
standard deviation of 3.0. The size distribution of the respirable 
dust fraction was then calculated by combining the total dust size 
distribution with collection efficiency data for the respirable 
dust sampler. The resulting size distribution for the respirable 
dust fraction based on the AEC sampler collection efficiency data 
is a mass mean diameter of 2.55 microns with a standard deviation 
of 1.7. 
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The l o a d i n g  o f  r e s p i r a b l e  d u s t  i n  t h e  mine a tmosphere  n e a r  a 
con t inuous  mining machine h a s  been e s t i m a t e d  a t  5 to  1 0  mg/m3, 
based on t h e  AEC p e r s o n a l  sampler .  The c u r r e n t  maximum a l l o w a b l e  

r e s p i r a b l e  d u s t  l o a d i n g  t o  which a miner  may b e  exposed i s  2 mg/m . 
However, t h i s  l i m i t  i s  based on  measurement w i t h  t h e  MRE p o r t a b l e  
sampler  which, because  i t s  p r e - c l a s s i f i e r  o p e r a t e s  on  a d i f f e r e n t  
p r i n c i p l e ,  measures  d u s t  l o a d i n g s  d i f f e r e n t l y  from t h e  AEC sampler  
( 6 , 7 ) .  An approximate  r e l a t i o n s h i p  between t h e  d u s t  l o a d i n g s  

measured by t h e  t w o  s ample r s  i s  

3 

MRE = 1.63  AEC + 0.67 1) 

Thus, t he  l e g a l  l i m i t  o f  2 mg/m3 (MRE) cor re sponds  t o  a n  AEC-measured 
l o a d i n g  of 0.81 mg/m .. Accept ing  a c o n s e r v a t i v e  (h igh )  1 0  mg/m 
e s t i m a t e  f o r  t h e  l o a d i n g  of r e s p i r a b l e  d u s t  from t h e  con t inuous  
miner ,  t h e  c o l l e c t i o n  e f f i c i e n c y  o f  a d e v i c e  must be 

3 3 

on r e s p i r a b l e  d u s t  i n  o r d e r  t o  a c h i e v e  compliance.  

The problem now i s ,  g iven  expe r imen ta l  measurements on t h e  
performance c h a r a c t e r i s t i c s  of  a d u s t  c o l l e c t i o n  d e v i c e ,  how can  
t h i s  i n fo rma t ion  be r e l a t e d  t o  t h a t  c o l l e c t o r ' s  e f f i c i e n c y  on 
r e s p i r a b l e  d u s t ?  Obvious ly  it is i m p r a c t i c a l  t o  a t t e m p t  t o  u s e  
sample d u s t  w i t h  t h e  e x a c t  s i z e  d i s t r i b u t i o n  o f  r e s p i r a b l e  d u s t  
f o r  performance tests on  c o l l e c t i o n  equipment. The o v e r a l l  
e f f i c i e n c i e s  measured, t h e r e f o r e ,  w i l l  p e r t a i n  t o  t h e  s i z e  d i s t r i -  
b u t i o n  of t h e  sample d u s t ,  r a t h e r  t h a n  r e s p i r a b l e  d u s t .  The 
s o l u t i o n  i s  t o  u s e  a t e s t i n g  p rocedure  which de te rmines  t h e  col- 
l e c t i o n  e f f i c i e n c y  a s  a f u n c t i o n  o f  p a r t i c l e  s i z e ,  so  t h a t  t h e  
pr imary  r e s u l t  o f  each  t es t  i s  a p e n e t r a t i o n  f u n c t i o n  P(D ) ,  t h e  
f r a c t i o n  of  p a r t i c l e s  of d i ame te r  a which p e n e t r a t e s  ( i s  n o t  
c o l l e c t e d  by )  t h e  c o l l e c t o r .  ( E f f i c i e n c y  and p e n e t r a t i o n  are 
r e l a t e d  by E E 1 - P.) 

P 
P 
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The size distribution of a dust is defined by f(D ) ,  where 
f(D )dD is the mass fraction of particles having a diameter in 
the range D to D f dD and 

P 
P P  

P P P' 

Several basic mechanisms can be used for particle collection, 
including gravity, inertia, diffusion, electrostatic attraction, 

The gross penetration for any dust through any collection device 
can be calculated from 

P = 1; P(D )f(D )dD 
P P P  3 )  

where P(D ) is the penetration function of the collection device 
and f(D ) is the size distribution frequency of the dust. Thus, 
if the penetration function can be measured or calculated for a 
given collection device, it is possible to calculate the gross 
penetration of any dust of known size distribution. 

P 
P 

A numerical integration computer program was written to per- 
form the integration of Equation 3 ,  so that the effect of any 
penetration function and size distribution on gross penetration 
could rapidly be calculated. 

It was implied earlier that the size distribution and loading 
of respirable dust in a coal mine are not well known. This means 
Equation 3 is a particularly valuable tool, because it separates 
the effects of the dust size distribution and the penetration 
function'of the collection device. Hence, experimental results 
expressed in the form of a penetration function for a given device 
have complete generality and are applicable to any dust whose size 
distribution is known. 

DUST COLLECTION MECHANISMS 
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fabric filtration, radiation, magnetism, and agglomeration. Most 
of these are either impractical or dangerous for use in the control 
of coal dust underground ( 3 ) .  Only inertia and fabric filtration . 
appear to be technically feasible mechanisms in an underground 
mine, and because of space limitations, inertia is the more promis- 
ing. Accordingly, this work was limited to investigation of 
collection devices operating by one or more inertial mechanisms. 

Since the intent of the program was not simply to test several 
commercial dust collection devices but rather to determine what 
collection mechanisms could best be applied to the problem of coal 
mine dust, the strategy adopted was to select or develop a mathe- 
matical model for each potentially applicable mechanism and to test 
collection devices which used these mechanisms in order to confirm 
or disprove the models. With the ultimate goal of evaluating each 
inertial mechanism for application to coal dust, the immediate goal 
of the modelling and testing program was to determine for each 
inertial mechanism the penetration function P(D ) under various 
operating conditions. Once this was done, the penetration function 
could be applied using the technique described in the previous 
section. 

P 

Cyclone 
In a cyclone separator, rotary motion of the entire gas stream 

throws dust particles to the outer wall under the influence of 
centrifugal force. The particles then fall through the bottom of 
the cyclone or are otherwise removed. The cyclone separator tested 
in this work was a multiple cyclone nollPrtoy r x n s i s t i n ~  of 3 hgnk 
of 4 6  small cylindrical cyclones in parallel. The dusty air inlet 
flow was parallel to the axis of the cyclone, and a tangential 
motion was imparted to the air by fixed vanes set at an angle to 
the axis. 
volume. This device was modelled by adapting equations given in 
Strauss (8) for more conventional cyclones. In this model it was 
assumed that if a particle reaches the outer wall at any time before 
leaving the cyclone with the gas, it is collected. No consideration 
was given to re-entrainment by the gas. The resulting penetration 

Each cyclone had a hub occupying the central part of its 
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function is given by 

P(Dp) = 1 - 1 - -/l-(Dp/C)*' 
- ( Dhub/Dshell) 2 

4 )  

where C is a constant characteristic of the cyclone geometry and the 
air and dust properties. The observed dust penetration through 
the multiple cyclone as a function of particle size is shown in 
Figure 1. The curve was calculated from Equation 4 .  (The value 
of C in Equation 4 was calculated from the model, not fitted 
empirically.) The observed gross penetration of the test dust 
was 76%, and the gross penetration calculated using Equation 4 

with Equation 3 was 79%. 

It was concluded that within the precision of the experimental 
techniques used, the penetration function of Equation 4 is an ade- 
quate representation of the penetration function of the multiple 
cyclone which was tested. Equation 4 was then used again as the 
penetration function in Equation 3 to predict that the gross 
penetration of respirable dust through this device would be 53% at 
the test conditions. This is to be compared with the estimated 
92% efficiency ( 8 %  gross penetration) required to achieve a legal 
respirable dust loading. 

Curved Passages 
Many dust collectors use essentially the same principle as the 

cyclone separator, but the gas is caused to turn by curved passages 
of some sort. This type of collector includes those with louvers, 
deflectors, or corrugated passages, and packed beds. In these 
devices, dust particles are spun out against solid or liquid 
surfaces by centrifugal force as the gas stream flows through a 
multitude of curved paths. 

A simple packed bed scrubber was fabricated in-house to 
represent this collection mechanism. For a packed bed, the 
penetration function can be expressed (9) as 

z P(D ) = exp [-C - K] 
P Dt 

5 )  
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2 where K is the inertial impaction parameter, UpD 
an empirical constant (9) which depends on the packing geometry. 
The test results for the packed bed scrubber are shown in Figure 2. 
The curve was calculated from Equation 5 using a value of C = 12 
for 1-1/2 inch Pall rings. 
test dust was 39%, and the gross penetration calculated using 
Equation 5 with Equation 3 was 41%. 

/9uDt, and C is 
P 

The observed gross penetration of the 

Impaction Targets 
Cylindrical objects such as rods, wires, and fibers are used 

in a large number of collection devices. As the gas stream flows 
around the target, the inertia of the dust particle tends to make 
it impact on the target instead of passing around it. The factors 
influencing the collection efficiency of such a device are the gas 
velocity relative to the impaction target, the size of the target, 
the gas viscosity, the number of targets the gas stream must pass, 
and the particle density and size. All of these effects except the 
number of targets are included in the inertial impaction parameter 
K. An empirical penetration function based on past experimental 
results for impaction on cylinders and on spheres is 

(Impaction on spheres is one of the mechanisms involved in a 
venturi scrubber, discussed below.) 

A wetted screen device was tested which employed the impaction 
target mechanism. An accordion pleated screen constituted the im- 
paction targets, and the screen was continuously wetted to keep 
the collected particles from blinding it. The screen was followed 
by a horizontal cyclone functioning as an entrainment separator. 
The test results are shown in Figure 3. The higher of the two 
penetration curves was calculated from Equation 6 directly. 
However, since the total area of the screen wires was about twice 
the cross sectional area of the scrubber, it was hypothesized that 
the scrubber might comprise two impaction stages. The penetration 
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function indicated by the lower curve is just the square of the 
penetration calculated from Equation 6. The observed gross 
penetration of the test dust through the wetted screen was 5 4 % ,  

and the gross penetration calculated from the two-stage penetra- 
tion function and Equation 3 was 56%. The same two-stage 
penetration function applied to the estimated size distribution 
for respirable dust using Equation 3 gave a gross penetration of 
35%. 

Jet Impingement 
Some dust collection devices are based on impingement of a 

jet of the gas stream on a solid or liquid surface, a mechanism 
quite similar to impaction on targets. In this case, however, 
the space through which the gas stream must pass is much smaller, 
and the gas flow characteristics are thus different from the case 
where the flow is around relatively isolated bodies. The common 
examples of the impingement mechanism are sieve tray and ballast 
tray scrubbers. When the gas jet impinges on a'surface, the 
inertia of the particles prevents them from following the sharp 
change of direction taken by the gas. Again, the collection 
efficiency is affected mainly by the variables included in K, 
the inertial impaction parameter. Past experimental data are 
correlated in Figure 4 ,  which gives the penetration function 
indirectly by showing the efficiency as a function of K, for 
impingement of round and rectangular jets on surfaces. 

The collection device tested to represent the jet impingement 
mechanism was an impingement scrubber consisting of a cylindrical 
tower containing water spray nozzles and baffle plates. The test 
results are shown in Figure 5. The penetration function curve 
shown was calculated by assuming the collection mechanism was 
two stages of impingement of round air jets on flat plates, with 
each stage having a penetration function obtained frsm Figure 4 .  

Using this penetration function with Equation 3 and the estimated 
size distribution, a gross penetration of 2 7 %  was predicted for 
respirable dust through this device. 
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Venturi 
In venturi devices, the gas stream is forced through an 

orifice or a narrow throat. A scrubbing liquid is introduced at 
or upstream of the throat, and is atomized at the throat due to 
the high gas velocity. The dust particles are collected by im- 
paction on the atomized droplets. The penetration function for 
the venturi mechanism is given (9) as 

P(D ) = exp [-2 x 10-5(1 - Ps) (13,500 L + 1.2 UL2'5] 7) P 

for the air-water system at room temperature and atmospheric 
pressure. 
impaction on spheres. The spheres which are the impaction targets 
are the droplets atomized in the venturi throat; 
(for calculating the inertial impaction parameter K) is estimated 
from the Nukiyama-Tanasawa correlation, which can be written as 

Ps is the penetration calculated from Equation 6 for 

Their diameter 

16500 
U Dt = - + 1.45 Lla5 

for air and water at room temperature and atmospheric pressure. 
Equation 8 is applicable when the air velocity is greater than 
200 ft/sec. 

In the experimental program, a simple venturi collector was 
tested, as well as two commercial devices operating primarily by 
the venturi mechanism. Partial test results for the simple 
venturi are shown in Figure 6. The observed gross penetration of 
the test dust was 19%, and the gross penetration calculated by 
using the penetration function given by Equations 7 and 8, in 
Equation 3 was 19%. The same penetration function applied to the 
estimated respirable dust size distribution gave a gross penetra- 
tion of 6%. The test results for the two commercial venturi 
scrubbers also confirmed the venturi mechanism model. 



,136 

DISCUSSION 

A major c o n c l u s i o n  from t h e  c o n t r a c t  program was t h a t  c u r r e n t l y  
a v a i l a b l e  knowledge o f  d u s t  c o l l e c t i o n  mechanisms i s  adequa te  both  
t o  e x p l a i n  t h e  performance of  a wide v a r i e t y  o f  d u s t  c o l l e c t i o n  
d e v i c e s  and t o  p r o v i d e  a b a s i s  f o r  t h e  d e s i g n  of  d u s t  c o l l e c t i o n  
sys tems.  

P o t e n t i a l  d u s t  c o l l e c t i o n  mechanisms canno t  f a i r l y  be e v a l u a t e d  
o n l y  on  t h e  b a s i s  o f  t h e  t e s t  r e s u l t s  r e p o r t e d ,  because  t h e  tests 
on t h e  v a r i o u s  c o l l e c t o r s  were n o t  always r u n  a t  comparable condi- 
t i o n s .  Indeed ,  l i t t l e  i n  t h e  way of u s e f u l  c o n c l u s i o n s  cou ld  have 
been achieved  i f  t h e  program had been conf ined  t o  t e s t i n g  v a r i o u s  
d e v i c e s ,  even i f  the  t e s t i n g  had been more e x t e n s i v e .  But t h e  
pu rpose  of  t h e  tes ts  was t o  conf i rm t h e  a v a i l a b l e  models,  and 
based o n  t h e  a p p l i c a t i o n  of t h o s e  models, some g e n e r a l  c o n c l u s i o n s  
can be  o f f e r e d  a b o u t  t h e  a p p l i c a b i l i t y  of  t h e  d i f f e r e n t  c o l l e c t i o n  
mechanisms t o  t h e  c o a l  mine d u s t  problem. 

1. A d r y  c e n t r i f u g a l  c o l l e c t o r  canno t  per form adequa te ly  f o r  
t h i s  a p p l i c a t i o n .  

2. None of t he  "wet dynamic" mechanisms -- curved  passages ,  
impact ion  t a r g e t s ,  j e t  impingement -- cou ld  meet c u r r e n t  s t a n d a r d s  
based o n  t h e  r e s p i r a b l e  d u s t  l oad ing  (10 mg/m ) assumed i n  t h i s  
work. However, i f  t h e  r e s p i r a b l e  d u s t  l oad ing  cou ld  be lowered, 
for i n s t a n c e  by r e d e s i g n i n g  t h e  a i r  system i n  t h e  mine e n t r y ,  
t h e s e  mechanisms would be worth r e c o n s i d e r i n g ,  p a r t i c u l a r l y  i n  view 
ur' t h e i r  r e i a t i v e l y  l o w  energy  and wa te r  r equ i r emen t s  and p o t e n t i a l l y  
sma l l  size of  t h e  c o l l e c t i o n  dev ice .  

3 

3 .  The r e q u i r e d  c o l l e c t i o n  e f f i c i e n c y  could  be achieved  w i t h  a 
h igh  energy  s c r u b b e r  u s i n g  a v e n t u r i  mechanism. The d i sadvan tages  
of s u c h  a dev ice  are h igh  p r e s s u r e  d r o p  ( i .e .  h igh  energy  r e q u i r e -  
ment) and a l a r g e  w a t e r  r equ i r emen t .  Also ,  t h e r e  i s  a t  p r e s e n t  no 
commercially a v a i l a b l e  h igh  energy  sc rubbe r  which could  f i t  i n  a 
c o a l  mine e n t r y .  
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NOMENCLATURE 

(Any consistent units may be used, except in cases noted.) 

diameter of cyclone hub Dhub 
D particle diameter P 
Dshell inside diameter of cyclone 

Dt (microns in Equation 8) 
target size: sphere - diameter 

cylinder - diameter 
round jet - diameter 
rectangular jet - width 
packing - nominal size 

f 

K 

size distribution frequency 

inertial impaction parameter = PUDp’ 

9uDt 

liquid rate, gallons/thousand cubic feet of air 

penetration 

air velocity (ft/sec in Equations 7 and 8) 

packed height 

gas viscosity 

particle density 
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INTRODUCTION 

I1 e it )n of d u s t  has  long been recognized a s  a h e a l t h  hazard -Jading t o  pu 
monary d i s e a s e s .  I n  t h e  16th cen tu ry ,  Agricola ,  the f a t h e r  of mining, d i scussed  
d u s t  i n h a l a t i o n  du r ing  mining and c a l l e d  i t  a "widow maker." I n  the  19th century 
the "black lungs" o f  autopsied c o a l  miners were recorded.  The 11th E d i t i o n  o f  
Encyclopedia Br i t ann ica .  some 60 yea r s  ago, descr ibed f i b r o i d  changes and included 
a graphic  photomicrograph o f  a c ros s  s e c t i o n  of a c o a l  mine r ' s  lung.  

n e  Federal  Coal Mine Health and Sa fe ty  Act of 1969 (PL 91-178, December 30, 
1969) e s t ab l i shed  h e a l t h  s t anda rds  i n  underground c o a l  mines f o r  t he  f i r s t  t ime i n  
the  United S t a t e s .  The Act s p e c i f i c a l l y  s t a t e d  t h a t  t he  working cond i t ions  i n  each 
underground c o a l  mine should be s u f f i c i e n t l y  f r e e  of r e s p i r a b l e  d u s t  t o  allow each 
miner t o  work underground without  i ncu r r ing  any d i s a b i l i t y  from c o a l  workers '  
pneumoconiosis (CUP) o r  o the r  occupat ion-related d i s e a s e  du r ing  h i s  working l i f e .  
Based l a r g e l y  upon B r i t i s h  s t u d i e s ,  the Act spec i f i ed  t h a t  the maximum al lowable 
concen t r a t ion  of a i rbo rne  r e s p i r a b l e  d u s t  p a r t i c l e s  (nominally l e s s  than 5.1 Um i n  
diameter)  i n  bituminous c o a l  mines should be 3 mg/m3 by June 30,  1971 and 2 mg/m3 
by December 30,  1972. The maximum permit ted d u s t  l e v e l  i s  decreased i f  t h e  s i l i c a  
con ten t  of the d u s t  is g r e a t e r  than 5 weight percent  so t h a t  the Threshold L i m i t  
Value (TLV) o f  100 pg/m 

CWF' i s  the  most severe h e a l t h  and s a f e t y  problem fac ing  the  c o a l  mining 

of s i l i c a  fo r  an e i g h t  hour exposure w i l l  not  be exceeded. 

i ndus t ry  today. 

1. The number of permanent d i s a b i l i t i e s  and dea ths  of  coa l  miners due t o  CUP 
i s  3.5 t imes the d i s a b i l i t i e s  and dea ths  due t o  a l l  o t h e r  mine acc iden t s  
(1964-1970 Pennsylvania d a t a ) .  (1) 

2 .  About 30 percent  of the p re sen t  working miners have CWP (1972). 

3 .  About 165,000 claims for  CWP have been approved and some 100,000 
a d d i t i o n a l  claims a r e  c u r r e n t l y  under review. 

The c o s t  t o  Government and industry for  CWP compensation h a s  been est imated t o  be 
$1 b i l l i o n  per y e a r .  

i n  o rde r  t o  meet t h e  energy requirements of the na t ion .  
dev i se  methods f o r  mining c o a l  a t  a r ap id  and economical r a t e  while  maintaining a 
h e a l t h f u l  mining environment i s  apparent .  

However, i t  has  been est imated t h a t  c o a l  product ion must double by t h e  year  2000 
The n e c e s s i t y  f o r  s o c i e t y  t o  

The 1969 Act d i r e c t e d  t h a t  t he  Departments of the I n t e r i o r  and Hea l th ,  Educa- 
t i o n  and Welfare s h a l l  "develop new o r  improved means and methods of reducing the 
concen t r a t ions  of r e s p i r a b l e  d u s t  i n  the  mine atmospheres o f  a c t i v e  workings o f  the 
c o a l  mines." 
implementing a r e sea rch  and development (R&D) program t o  provide the  advanced tech- 
nology f o r  reducing the  amount of r e s p i r a b l e  d u s t  i n  coa l  mines.  

"he Bureau of Mines was assigned the r e s p o n s i b i l i t y  fo r  planning and 

This advanced 
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technology would a s s i s t  t h e  mine ope ra to r  t o  meet the s t r i n g e n t  d u s t  l i m i t s  imposed 
by t h e  Act .  

The present  problem of d u s t  c o n t r o l  du r ing  c o a l  mining ope ra t ions  is cons ide rab ly  
d i f f e r e n t  from t h e  problems normally encountered du r ing  i n d u s t r i a l  ope ra t ions .  For 
example, c o a l  is o f t e n  mined underground using continuous (mechanical) mining methods ,* 
where c o a l  is removed by c u t t i n g  b i t s  on  a r o t a t i n g  wheel o r  cha in .  Dust i s  formed 
by t h e  c u t t i n g  a c t i o n  of t h e  b i t s ,  and a l s o  a t  nearby loca t ions  by secondary handl ing 
o p e r a t i o n s .  W a t e r  sprays a r e  used t o  suppress  t h e  d u s t  being formed by the c u t t i n g  
a c t i o n .  Also,  a i r  i s  passed over  the machine t o  t h e  f ace  and then back behind a 
b r a t t i c e  c l o t h  (usua l ly )  t o  "push" the d u s t  away from nearby personnel .  
c o n t r o l  d u r i n g  a c t u a l  c o a l  mining operat ions i s  no t  so c l e a r - c u t .  
t y p i c a l  i n d u s t r i a l  o p e r a t i o n  would be t o  dev i se  ways t o  c o n t r o l  a hazardous impurity 
i n  a chemical processing p l a n t  where: 

However, d u s t  
An analogy t o  a 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8. 

9 .  

t h e  sources  of the impurity (dust)  a r e  imperfect ly  known; 

laboratory and p i l o t  p l a n t  information is of l imited use fu lness  (it is almost 
impossible t o  s imula t e  t h e  underground mining s i t u a t i o n  i n  the  l abora to ry )  ; 

t h e  amounts o f  t he  impuri ty  a r e  v a r i a b l e  ( cu t t i ng  b i t s  become broken, 
c u t t i n g  r a t e  v a r i e s  with machine o p e r a t o r ) ;  

t h e  f l o w s  i n  the  p l a n t  a r e  i l l - d e f i n e d  and h igh ly  v a r i a b l e ,  e . g . ,  a pipe 
(spray nozz le )  p lugs ,  t h e  f l o w  through a main pipe changes i n t e r m i t t e n t l y  
and i r r e g u l a r l y  ( the d i s t a n c e  of the b r a t t i c e  c l o t h  t o  t h e  f a c e  changes) ;  

t h e  chemical p rocess  v a r i e s  (va r i e ty  of c o a l  seams, v a r i a t i o n  of coal  
s t r u c t u r e  i n  a seam and i n  a given mine, v a r i e t y  o f  mining machines);  

imperfect  ope ra t ing  equipment (numerous equipment malfunctions i n  the  rugged 
mine environment);  

inadequate sampling equipment (long-duration d u s t  samplers t o  determine 
t r a n s i e n t  d u s t  concen t r a t ions )  ; 

e r r a t i c  sampling equipment ( d i f f i c u l t  t o  s c i e n t i f i c a l l y  sample a i rbo rne  
d u s t )  ; 

h o s t i l e  environment (a 30-inch-high seam, roof f a l l s  down). 

The Bureau's program h a s  been divided i n t o  fou r  gene ra l  c a t e g o r i e s :  d u s t  c o n t r o l ,  
pe r sona l  p ro tec t ion ,  i n s t rumen ta t ion ,  nnd r h e m i c e l  xz?j .c . : ; .  ~ ; ~ p e r r : : t ~ ~ . ~ ~  sum- 
marized a s  follows: 

FY 70 FY 7 1  FY 72 FY 73 (estimated) 
($1.000) 

Dust con t ro l  1,168 2,176 1,639 1,523 
Pe r sona l  p r o t e c t i o n  32 90 106 - 
Instrumentat ion 270 44 7 253 379 
Chemic a 1 a n a l y s i s  168 - 227 - 347 - 135 - 

1,638 2,940 2,345 2,037 (estimated) 

*About 50  percent  of the c o a l  mined underground i n  the United S t a t e s  i s  obtained by 
cont inuous (mechanical) mining, 47 percent  by convent ional  (b l a s t ing )  mining, and 
3 percent  by longwall  (mechanical) mining. 
t h e  f i r s t  mining technique.  

This paper is l imi t ed  t o  d u s t  c o n t r o l  by 
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The program involves inhouse work a t  two Bureau research  f a c i l i t i e s ,  Twin C i t i e s  
Mining Research Center and P i t t sbu rgh  Mining and Sa fe ty  Research Cen te r ,  and a l s o  a n  
assortment of c o n t r a c t s  and g ran t s  wi th  ou t s ide  o rgan iza t ions .  

This paper b r i e f l y  desc r ibes  the major i tems i n  the  Bureau program and t h e i r  
s t a  tus  . 

DUST CONTROL 

Continuous mining machines were designed t o  mine c o a l  a t  a f a s t  r a t e .  They a r e  
However, by us ing  b l u n t  high-speed b i t s ,  they prob- very  e f f i c i e n t  mining machines. 

ab ly  a r e  the b e s t  machines f o r  forming dus t  t h a t  could be invented, except f o r  a 
grind ing s tone  . 

Bureau research  has  shown t h a t  continuous mining forms approximately 5,000 grams 
of r e s p i r a b l e  dus t  a t  t h e  face  per  ton of mined c o a l .  
becomes a i rborne  a t  the  face ;  the remainder remains adhering to  the run-of-face broken 
c o a l .  

About 2 grams of t h i s  dus t  

An explora tory  s t a t i s t i c a l  study ind ica ted  tha t  the  same mining occupations i n  
d i f f e r e n t  seams o f t en  had s i g n i f i c a n t l y  d i f f e r e n t  d u s t  exposures.  For example, the 
continuous miner ope ra to r  i n  the  P i t t sburgh  and Pocahontas seams i s  exposed to  m o r e  
dus t  than the same man i n  the Ki t tanning  seam, bu t  c u r i o u s l y ,  the  Ki t tanning  seam 
g ives  more dus t  along a haulage road than the  o ther  seams. Such informat ion  suggests 
bas i c  d i f f e r e n c e s  i n  the  dust-forming c h a r a c t e r i s t i c s  of d i f f e r e n t  coa l  seams, but 
t h e  explana t ion  fo r  these  d i f f e rences  i s  not p re sen t ly  known. 

Dust c o n t r o l  techniques a t  the  face inc lude :  

ava i l ab le  technology 
machine c u t t i n g  parameters 
supplementary v e n t i l a t i o n ;  d u s t  c o l l e c t o r  
water sprays  
wet t ing  agents  
pick f lu sh ing  
foam 
infus ion  

These i tems a r e  descr ibed  and a r e  followed by a concluding sec t ion  d i scuss ing  sec- 
ondary d u s t :  

Available Technology. Considerable technology i s  a l r eady  a v a i l a b l e ,  bu t  i t  i s  o f t en  
n o t  e f f e c t i v e l y  used because of  inconvenience o r  expense.  For example, while water 
sprays provide a va luable  d u s t  c o n t r o l  technique, t h e i r  p r a c t i c a l  usefu lness  under- 
ground i s  l imi ted  because they f requent ly  c log  i n  the rugged mine environment. Clean- 
i n g  or  replacement of a clogged nozzle is expensive t o  the mine ope ra to r  i n  terms of  
time and cost ,  The development of a non-clogging spray  nozzle system would reduce 
ope ra to r  expense and inconvenience and the re fo re  would inc rease  the  a c t u a l  e f f e c t i v e -  
nes s  of water sprays  a s  a d u s t  suppression technique. A c o n t r a c t  t o  develop a non- 
clogging nozzle i s  expected t o  be awarded i n  l a t e  FY 73. 

Machine Cut t ing  Parameters.  
e f f e c t  of machine parameters on the formation of  a i rbo rne  dus t  and concluded tha t  
sharp ,  slow-moving, deep-cut t ing  b i t s  produce l e s s  d u s t .  The problem now i s  to  ob- 
t a i n  q u a n t i t a t i v e  information on the  amount of  a i rbo rne  dus t  ve r sus  machine parameters 
w i th  American c o a l  and mining methods, along with c o s t  and o the r  engineer ing  i n f o m -  
t i o n .  Improvement i n  c u t t i n g  parameters i s  es t imated  t o  o f f e r  a 50-percent decrease  
i n  a i rbo rne  d u s t .  

The B r i t i s h  conducted p ioneer ing  work examining the  
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A f u l l - s c a l e  machine which permits vary ing  of t he  machine parameters (rpm, sump 
and shear r a t e ,  b i t  geometry and a r r a y )  is being cons t ruc ted  by Ingersoll-Rand under 
Bureau con t r ac t .  
v a r i a b l e s  and w i l l  be used i n  f u l l - s c a l e  underground t e s t s  t o  ob ta in  the des i r ed  in fo r -  
mation on the  e f f ec t  of t he  machine parameters ve r sus  d u s t  formation. Also, a re- 
search mining machine having a s i n g l e  f u l l - s c a l e  c u t t i n g  wheel was designed and con- 
s t r u c t e d .  This r e sea rch  machine permits the  machine parameters t o  be var ied  over a 
wider range than the f u l l - s c a l e  machine and w i l l  be used a s  a " p i l o t  p l an t "  t o  
f u r t h e r  i n v e s t i g a t e  the  e f f e c t  of c u t t i n g  parameters on t h e  formation of r e sp i r ab le  
d u s t .  F i n a l l y ,  s e v e r a l  l abo ra to ry  programs a r e  i n v e s t i g a t i n g  dus t  formation dur ing  
c u t t i n g  i n  order t o  b e t t e r  understand the fragmentation process .  Such s t u d i e s  hope- 
f u l l y  w i l l  lead t o  new b i t  des igns  and the s e l e c t i o n  of  machine parameters t h a t  reduce 
d u s t  production. 

Supplementary Ven t i l a t ion .  A i r  flow a t  a mining face  i s  normally con t ro l l ed  by l i n e  
b r a t t i c e  o r  by e x t e n s i b l e  tub ing ,  occas iona l ly  i n  conjunct ion  wi th  an  a u x i l i a r y  fan.  
However, supplementary v e n t i l a t i o n  techniques t h a t  involve machine-mounted fans  to  
draw o r  exhaust t h e  d u s t y  a i r  from the  v i c i n i t y  of the face  appear very  a t t r a c t i v e  f o r  
dus t  c o n t r o l  because they reduce the  r e c i r c u l a t i o n  of face  dus t  back t o  nearby per- 
sonnel  and can  i n  p r i n c i p l e  b e  app l i ed  to  va r ious  k inds  of  continuous mining machines 
and loca l  mining s i t u a t i o n s .  A disadvantage of t h i s  l o c a l  exhaust approach i s  t h a t  
the  dus ty  a i r  must e i t h e r  be discharged i n t o  the r e t u r n  v i a  a duc t  or  be passed 
through a machine-mounted d u s t  c o l l e c t o r  wi th  the  p a r t l y  cleaned e f f l u e n t  a i r  being 
discharged a t  the mining machine. 

The machine w i l l  b e  au tomat ica l ly  con t ro l l ed  to  avoid opera tor  

A c u r r e n t  program i s  examining the  exhaust approach with an  auger-type mining 
machine i n  low c o a l .  A machine-mounted d u s t  c o l l e c t o r  is used ,  b u t  the e f f l u e n t  a i r  
is ducted i n t o  t h e  r e t u r n .  I n i t i a l  
r e s u l t s  a r e  encouraging, b u t  a d d i t i o n a l  t e s t i n g  is r equ i r ed .  

The u n i t  i s  p re sen t ly  be ing  t e s t e d  underground. 

A severe  problem i n  c o a l  mines, e s p e c i a l l y  i n  low c o a l ,  i s  the  space l i m i t a t i o n .  
For example, the a v a i l a b l e  high-cfm fans  were too l a rge  t o  i n s t a l l  on the  low-coal 
auger machine and two small-cfm fans  had t o  be used i n  p a r a l l e l .  This was undes i rab le  
from an engineer ing  viewpoint bu t  was the only a l t e r n a t i v e  a t  the t ime. It has  s ince  
been es tab l i shed  t h a t  technology i s  indeed a v a i l a b l e  t o  f a b r i c a t e  a high-cfm, small- 
diameter fan s u i t a b l e  f o r  ope ra t ion  i n  low c o a l ,  and a prototype u n i t  i s  being con- 
s t ruc t ed  inhouse. The a v a i l a b i l i t y  of such a f an  would expedi te  the use of  supple- 
mental v e n t i l a t i o n  techniques i n  low coa l  and o t h e r  a reas  where space l i m i t a t i o n s  a r e  
c r i t i c a l  

Passing the exhaust dus ty  a i r  through a machine-mounted d u s t  c o l l e c t o r  has  mush- 
LIVL..--Y 

of avoiding duc t ing  from the machine t o  the r e t u r n .  However, the d u s t  c o l l e c t o r  must 
be very e f f i c i e n t  because any e f f l u e n t  dus t  may bathe the machine ope ra to r  and nearby 
personnel and could even inc rease  t h e i r  dus t  exposure. 
t e s t ed  i n  1970, comprising a l a rge  assor tment ,  were a l l  found unsa t i s f ac to ry  because 
of a low c o l l e c t i o n  e f f i c i e n c y  f o r  r e s p i r a b l e  s i z e  d u s t  o r  because of bulk or  s a f e t y  
problems. 
l e c t i o n  e f f i c i e n c i e s  of new f u l l - s c a l e  c o l l e c t o r s  a s  they become a v a i l a b l e .  For 
example, t he  c o l l e c t i o n  e f f i c i e n c y  of a t y p i c a l  scrubber designed for  mounting on 
the boom of a continuous miner ranged from 80 percent  fo r  1 micron dus t  t o  99 percent 
f o r  5 micron d u s t .  While s u r p r i s i n g l y  h igh ,  these  e f f i c i e n c i e s  a r e  s t i l l  toolow to  
scrub an t i c ipa t ed  incoming d u s t  l e v e l s  to a 2 mg/m3 l e v e l .  

--?.",-> ,.. ,_-:..__ _I -.-- 
y V y U A = L A L J  UUL& i3e  ~ & . a i  yedr. This approach has che d isc incr :  advantage 

Avai lab le  d u s t  c o l l e c t o r s  

The Bureau has  f ab r i ca t ed  an  above-ground f a c i l i t y  t o  eva lua te  the c o l -  

A v e n t u r i  we t - co l l ec t ion  approach appears t o  be  the most a t t r a c t i v e  mechanical 
A Bureau-designed research-type approach f o r  achieving h igh  c o l l e c t i o n  e f f i c i e n c y .  

v e n t u r i  c o l l e c t o r  w i l l  be used t o  inves t iga t e  c o l l e c t i o n  e f f i c i e n c y  ve r sus  parer  
i npu t ,  water  f lowra te ,  and o the r  engineer ing  parameters.  Resul t s  w i l l  provide 

I 
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guidance f o r  the des ign  of d u s t  c o l l e c t o r s  f o r  s p e c i f i c  s i t u a t i o n s  and can a s s i s t  a 
mine ope ra to r  t o  determine whether a mechanical c o l l e c t o r  w i l l  b r ing  him i n t o  com- 
p l i a n c e .  I n  the in t e r im ,  the Bureau is f a b r i c a t i n g  a new, s imple r ,  low-cost,  v e n t u r i  
c o l l e c t o r  t h a t  is e s p e c i a l l y  designed f o r  use i n  c o a l  mines.  

An a l t e r n a t i v e  and new approach f o r  a r e s p i r a b l e  d u s t  c o l l e c t o r  i s  to  use 
p l a s t i c  su r faces  such a s  polystyrene and polyethylene.  Such m a t e r i a l s  u sua l ly  have 
" is lands" of e l e c t r i c a l  charge t h a t  r a p i d l y  c o l l e c t  a i rbo rne  c o a l  d u s t  i f  t he  d u s t  
has  an e l e c t r i c a l  charge.  
mine d u s t  o f t e n  has  an e l e c t r i c a l  charge and t h a t  an  apprec i ab le  c o l l e c t i o n  can be 
obtained merely by passing the dus ty  a i r  through a p l a s t i c  tube.  I n  p r i n c i p l e ,  such 
c o l l e c t i o n  should be e s p e c i a l l y  e f f e c t i v e  f o r  smaller  p a r t i c l e s  because of t h e i r  
higher  mob i l i t y .  I n  view of the d i f f i c u l t y  of c o l l e c t i n g  very small p a r t i c l e s ,  the 
f e a s i b i l i t y  of a p l a s t i c - type  d u s t  c o l l e c t o r  fo r  c o a l  mine use is being explored.  

Exploratory inhouse underground t e s t s  have shown t h a t  

I n  gene ra l ,  t he  a i r  flow p a t t e r n  i n  the v i c i n i t y  of the mining machine and a t  
t he  face is c r u c i a l l y  important  i n  a f f e c t i n g  the t r anspor t  of face d u s t  back t o  the 
machine ope ra to r  and nearby personnel  i n  exhaust  v e n t i l a t i o n .  However, l o c a l  f l a t  
p a t t e r n s  a r e  l a r g e l y  unknown. Since t h e  machines usua l ly  occupy a l a r g e  f r s c t i o n  of 
the cross s e c t i o n  of an  e n t r y ,  t h e i r  presence would be expected t o  s i g n i f i c a n t l y  
in f luence  flow p a t t e r n s .  Recent inhouse work confirmed t h i s  expec ta t ion  and a l s o  
found t h a t  the motion o f  t he  c u t t i n g  wheels i n f luences  the  l o c a l  flow p t t e r n .  

A l / l 0 - sca l e  laboratory model of a low-coal e n t r y  including the  auger-type 
mining machine is being used i n  an  inhouse s tudy of l o c a l  flow p a t t e r n s  and the  e f f e c t  
of these p a t t e r n s  on t h e  t r a n s p o r t  of r e s p i r a b l e  d u s t .  This work supports  t h e  low- 
c o a l  f i e l d  c o n t r a c t .  Resu l t s  to da t e  i n d i c a t e  tha t  drawing about h a l f  of the incoming 
v e n t i l a t i n g  a i r  through the  machine l eads  t o  a d r a s t i c  r educ t ion  of t h e  dus t  l eve l s  
a t  t y p i c a l  personnel  l oca t ions .  Modeling appears  ve ry  a t t r a c t i v e  a s  a n  inexpensive 
technique fo r  screening proposed a u x i l i a r y  v e n t i l a t i o n  techniques be fo re  underground 
t e s t i n g  is i n i t i a t e d .  Underground measurements a r e  c u r r e n t l y  being made t o  v e r i f y  
t h e  modeling concept .  

Water Sprays.  One of the main d u s t  c o n t r o l  techniques p re sen t ly  i n  use  is water  
sp rays .  Sprays a r e  reported t o  reduce the r e s p i r a b l e  d u s t  l e v e l  20  t o  60 pe rcen t ,  
al though 30 percent  is a t y p i c a l  number. The type and placement of spray nozzles  
is c u r r e n t l y  se l ec t ed  i n  an a r b i t r a r y  manner because gu ide l ines  a r e  n o t  a v a i l a b l e ;  
a t y p i c a l  approach seems t o  be t o  merely add more nozzles  i n  the  hope of reducing 
more d u s t .  Techniques seemingly could be devised which would make a more e f f e c t i v e  
use of the sprays,  e g . ,  e l t h e r  g r e a t e r  dus t  suppression with the e x i s t i n g  water flow 
or  s u f f i c i e n t  suppression with a smaller  water flow r a t e .  

B r i t i s h  l abora to ry  s t u d i e s  indicated t h a t  t he  cap tu re  of a i rbo rne  r e sp i r ab le -  
s i z e  p a r t i c l e s  with water  drops i s  dependent upon t h e  s i z e ,  concen t r a t ion ,  and 
v e l o c i t y  of the drops,  although optimum spray parameters t o  be used t o  achieve maxi- 
mum d u s t  suppression f o r  underground spray systems were not  determined. 

A Bureau program t o  determine these optimum parameters fo r  a spray system was 
undertaken. A t h e o r e t i c a l  model fo r  t h e  cap tu re  of a i rbo rne  d u s t  was developed and 
v e r i f i e d  i n  the l abora to ry .  Capture e f f i c i e n c i e s  of up t o  75 percent  were obtained.  
The theory can be used t o  s e l e c t  an optimum spray nozzle  which gives  the maximum 
c o l l e c t i o n  e f f i c i e n c y  of a i rbo rne  d u s t  a t  a s p e c i f i c  spray-nozzle loca t ion  i n  a mine 
f o r  the water f lowra te ,  l i n e  pressure,  and geometry a t  t h a t  l oca t ion .  I n  p r a c t i c e ,  
of course,  the water sp ray  drops can a l s o  impact and moisten the su r face  of c o a l  and 
thereby suppress the formation o f  a i rbo rne  d u s t  by i n t e r f e r i n g  with t h e  dust-forming 
c u t t i n g  process o r  by enhancing the adhesion of newly-formed p a r t i c l e s .  The develop- 
ment of a t h e o r e t i c a l  impaction model i s  being s tudied inhouse.  Combination of the 
impaction and a i rbo rne  models w i l l  then be at tempted.  

I 
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I n  the  in te r im,  the  usefu lness  of the  above a i rbo rne  theory  f o r  improved d u s t  
suppression a t  the f r o n t  end of  a continuous mining machine was t e s t ed  underground. 
I n  one t e s t  s e r i e s ,  dus t  suppress ion  was about equa l  wi th  a l l  spray  nozz les ,  a l though 
the  "good" sprays used about one- th i rd  l e s s  water t han  o the r  sprays .  I n  another  l e s s  
ex tens ive  s e r i e s ,  t he  good sprays  a l s o  gave one-third l e s s  d u s t .  '&e use of one- 
t h i r d  l e s s  water i s  a major accomplishment because many mines a l r eady  have excessive 
mois ture .  Additional underground t e s t i n g  is requi red  t o  ob ta in  d e f i n i t i v e  d a t e  r e -  
gard ing  d u s t  suppression. 

Another Bureau program ind ica t ed  t h a t  steam and water spray  were about equs l  i n  
e f f e c t i v e n e s s  fo r  suppress ing  the  formation of  a i rbo rne  d u s t  o r  for  c o l l e c t i n g  a i r -  
borne d u s t .  The use  of  steam underground would involve d i f f i c u l t  l o g i s t i c s  and i s  
no t  recommended. 

Wetting Agents. The use fu lness  of wet t ing  agents  f o r  increas ing  the e f f ec t iveness  of 
water sprays  as a d u s t  c o n t r o l  technique i s  c o n t r o v e r s i a l .  Some workers s t a t e  t h a t  
they  a r e  wor th less ,  o t h e r s  s t a t e  they  a r e  h e l p f u l ,  and the re  is l i t t l e  published da ta  
t o  support  e i t h e r  s t a t emen t .  C l a r i f i c a t i o n  i s  warranted i n  view of t he  expense and 
inconvenience assoc ia ted  wi th  us ing  such agen t s .  The Bureau had a con t r ac to r  measure 
the  wet t ing  behavior o f  16 wet t ing  agen t s  on coa l  from s i x  d i f f e r e n t  seams. A l l  
agen t s  e s s e n t i a l l y  wetted a l l  the c o a l s .  A t  p r e sen t ,  another  con t r ac to r  i s  measuring 
the drop s i z e  and v e l o c i t y  of the  sprays  from seve ra l  nozz les  with seve ra l  wet t ing  
agen t s .  Underground tests w i l l  be conducted to  e s t a b l i s h  the  usefu lness  of wet t ing  
agents  a s  a dust  suppress ion  technique .  

B i t  F lush ing .  B r i t i s h  s t u d i e s  ind ica ted  t h a t  a 75 pe rcen t  reduct ion  i n  d u s t  i s  
obta inable  by d i r e c t l y  f l u s h i n g  the  c u t t i n g  b i t s  wi th  water .  However, i n t e r n a l  plug- 
g ing  of the o r i f i c e s  and s e a l  leakage have prevented t h i s  technique from being widely 
used i n  the United S t a t e s .  Although approximately 40 such "wet-head'' machines a r e  
underground, only two a r e  r epor t ed  t o  be us ing  the wet-head mode. A con t r ac to r  has  
designed an improved s e a l  w i th  one type of  wet-head r i p p e r  machine and i s  p resen t ly  
conducting underground t e s t s .  

Foam. 
expansion foam t o  "b lanket"  the  c u t t i n g  s i t e  and thus  phys ice l ly  prevent any dus t  
from becoming a i rbo rne .  Seve ra l  s t u d i e s  t o  e s t a b l i s h  the mer i t  of foam have been 
attempted over the p a s t  10 y e a r s ,  bu t  r e s u l t s  were inconclus ive  because of i n s u f f i -  
c i e n t  underground t e s t i n g .  The Bureau therefore  i n i t i a t e d  a new, more d e t a i l e d  
e f f o r t  i n  order  t o  ob ta in  d e f i n i t i v e  r e s u l t s  on the  usefu lness  o f  foam. Br ie f  under- 
ground t e s t s  i n  FY 72 e s t a b l i s h e d  t h a t  t he  foam broke r a p i d l y ,  t ha t  t he re  were no 
s l i p  hazards ,  and t h a t  the foam was w e l l  received by mine personnel.  However, the  
underground t e s t i n g  regard ing  dus t  suppress ion  was inconclus ive ,  and the  program i s  
be ing  continued t o  nhteifi suff ic icc:  2e:e i n  tide‘ LU be s c a c i s t i c a l l y  s i g n i f i c a n t .  

In fus ion .  
d u r i n g  subsequent mining. 
poss ib l e  a s  a dust  c o n t r o l  technique ,  bu t  implementation seemingly i s  l e f t  t o  the  
d i s c r e t i o n  of ind iv idua l  mines.  About 15 percent of the c o l l i e r i e s  i n  England a r e  
us ing  in fus ion  to  c o n t r o l  d u s t  bu t  a r e  having problems due t o  t h e  la, permeabi l i ty  
of  English coa l  beds.  

The use  of foam for  d u s t  suppress ion  i s  based on t h e  concept of us ing  a high- - 

Water in fus ion  h a s  been use fu l  i n  Europe f o r  reducing dus t  formation 
German mining r egu la t ions  r equ i r e  w a t e r  i n fus ion  wherever 

In fus ion  has received only  l imi ted  a t t e n t i o n  in  the United S t a t e s  owing t o  
engineering-type equipment problems. The Bureau i n i t i a t e d  an infus ion  program with 
the  dua l  ob jec t ives  of c o n t r o l l i n g  methane and reducing t h e  formation of  the d u s t .  
To d a t e ,  s i g n i f i c a n t  methane c o n t r o l  has  been achieved and d u s t  seemingly i s  reduced 
by about 50 percent .  
o b t a i n  d e f i n i t i v e  r e s u l t s .  

However, cons iderable  a d d i t i o n a l  f i e l d  work is requi red  t o  
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Secondary Dust Generat ion.  P o i n t s  of secondary dus t  gene ta t ion  inc lude  the  ga the r ing  
arms on the continuous mining machine o r  loader ,  dumping o f  m a t e r i a l  i n t o  the s h u t t l e  
c a r ,  ope ra t ion  of the s h u t t l e  c a r  along the roadway, b e l t  ope ra t ion ,  b e l t  t r a n s f e r  
p o i n t s ,  e t c .  

Inhouse Bureau work has  shown t h a t  enough r e sp i r ab le - s i ze  c o a l  d u s t  adheres  t o  
20 pounds of o rd ina ry  run-of-face broken c o a l  t o  contaminate approximetely 1 m i l l i o n  
cu f t  of a i r  up to  the  2 mg/m3 l e v e l  i f  i t  should become a i r b o r n e .  
danger o f  secondary hau l ing  a s  a d u s t  source is obvious.  The magnitude o f  t he  fo rces  
involved i n  phys i ca l  adhesion of c o a l  p a r t i c l e s  t o  massive s u b s t r a t e s  was measured 
and found t o  approximately agree wi th  expected adhesion f o r c e s .  

The p o t e n t i a l  

l abo ra to ry  work i n d i c a t e s  t h a t  only about 10 percent  of the d u s t  adhering to  
t h e  run-of-face c o a l  is dislodged and becomes a i rbo rne  du r ing  a t y p i c a l  drop opera- 
t i o n .  Dust generat ion can be reduced only somewhat by changing the  b e l t  parameters,  
e .g . ,  the  d u s t  would be reduced by about 30 percent  by dec reas ing  the  d rop  he igh t  o r  
slowing the b e l t  by a f a c t o r  of 2 .  A 70-percent r educ t ion  of d u s t  should be obtain-  
ab le  by passing the  broken c o a l  down an inc l ined  chu te  in s t ead  of a v e r t i c a l  d rop  o r  
by using water  sprays along the  b e l t  somewhat upstream of the  drop p o i n t .  These 
l abora to ry  conclusions have not  y e t  been t e s t e d  i n  s f u l l - s c a l e  ope ra t ion .  

A t  an underground b e l t  t r a n s f e r  po in t ,  water  sprays o r  a low-expansion foam 
in j ec t ed  d i r e c t l y  i n t o  the  f a l l i n g  coa l  reduced the formation o f  a i rbo rne  d u s t  by 
about 50 pe rcen t .  
b e l t  reduced a i rbo rne  d u s t  by 60 pe rcen t ,  while  foam on the  underside of t he  b e l t  
reduced d u s t  by 90 pe rcen t .  

Addit ional  a p p l i c a t i o n  of water  sprays onto the underside of the 

Laboratory r e sea rch  i n d i c a t e s  t h a t  the formation of new d u s t  due t o  secondary 
breakage du r ing  dropping is i n s i g n i f i c a n t  compared t o  the  dis lodgnent  of adhering 
d u s t .  

PERSONAL PROTECTION 

While the  Bureau does n o t  consider  personal  p r o t e c t i v e  devices  such a s  face 
masks a s  a primary approach f o r  reducing the mine r ' s  exposure t o  d u s t ,  such personal  
p ro tec t ion  can be v i sua l i zed  a s  an  in t e r im  measure and a l s o  a s  a " l a s t  a l t e r n a t i v e "  
f o r  c e r t a i n  dus ty  ope ra t ions  i n  case remedial  measures a r e  unsuccessful .  
f i l t e r - t y p e  f ace  mask is undesirable  because of (1) a high-pressure d rop  when c l ean  
and an excessive pressure d rop  during use due t o  plugging, (2) a n  imperfect  match to  
the  f a c i a l  contour ,  (3) poor day-to-day r e f i t  i n  the f i e l d ,  (4) i r r i t a t i o n  due t o  
d u s t  a t  t h e  mask-face junc tu re ,  and (5) i n t e r f e rence  with voice c o m u n i c a t i o n ,  
s p i t t i n g ,  e t c .  

The p resen t  

A personal  device employing the  a i r  c u r t a i n  concept is presen t ly  being developed 
under Bureau c o n t r a c t .  Dusty a i r  from the  environment is f i l t e r e d  and an  a i r  c u r t a i n  
of dus t - f r ee  a i r  i s  passed from the  h a t  brim down Over the mine r ' s  f a c e ,  thereby 
sh ie ld ing  him from the dus ty  environment. Such a u n i t  r e q u i r e s  cons ide rab le  power 
and the re fo re  i s  l imited t o  machine ope ra to r s  bu t  hope fu l ly  w i l l  be o f  i n t e r e s t  t o  
indus t ry  i n  gene ra l .  

INSTRUMENTATION 

Improved d u s t  samplers f o r  monitoring the  eight-hour exposure of miners and a l s o  
f o r  r e sea rch  purposes a r e  r equ i r ed .  
sununarized i n  an I n t e r n a t i o n a l  Labor Organizat ion r e p o r t  (1967), which concludes t h a t  
"No eva lua t ion  o r  comparison o f  d u s t  con ten t  has  any s i g n i f i c a n c e  ... un les s  the type 

of equipment,  the method of sampling, and t h e  na tu re  of t h e  d u s t  a r e  p r e c i s e l y  known." 

The s t a t e -o f - the -a r t  i n  d u s t  sampling is a p t l y  
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The dus t  hazard i n  United S t a t e s  mines c u r r e n t l y  is assessed  g rav ime t r i ca l ly  
wi th  a persona1 scrmpler c o n t i n u a l l y  worn by the  miner dur ing  h i s  working s h i f t .  
sampler uses  a battery-powered pump t o  draw 2 l/min of dus ty  a i r  through a cyc lone ,  
which c o l l e c t s  the nonresp i r ab le  d u s t ,  and then through a membrane f i l t e r ,  which 
c o l l e c t s  t h e  r e s p i r a b l e  f r a c t i o n .  The f i l t e r  is weighed i n  the l abora to ry  t o  d e t e r -  
mine the  t o t a l  mg/m3 o f  d u s t  exposure; 2 mg of weighed d u s t  approximately corresponds 
t o  2 m g h 3  exposure f o r  e i g h t  hour s .  

Although t h i s  system func t ions ,  the weight and s i z e  of  the  personal  sampler is 
burdensome t o  the  miner,  the  sampler is sub jec t  t o  misch ie f ,  the  e n t i r e  approach is 
expensive,  and the  accuracy of the  system has  been ques t ioned .  

The 

Bureau research  has  ind ica t ed  t h a t  about h a l f  of t h e  1 t o  2 pm underground a i r -  
borne p a r t i c l e s  a r e  agglomerated t o  l a rge  nonresp i rab le  a i rborne  p a r t i c l e s .  This 
means, unfor tuna te ly ,  t h a t  a s i z e  c l a s s i f i e r  must be used wi th  any sampler, i . e . ,  t he  
sampler merely cannot c o l l e c t  a l l  the dus t  a n m e  r e s p i r a b l e  f r a c t i o n  measured in 
the labora tory ,  f o r  t h e  r e s p i r a b l e  dus t  concent ra t ion  then would be overestimated. 

Respirable dus t  nominally involves  7.1 Km-diameter or smal le r  p a r t i c l e s  and is 
s p e c i f i c a l l y  def ined  by t h e  Act in terms of  the s i z e  c l a s s i f i e r  of the  B r i t i s h  MRE 
dus t  sampler.  However, medical a u t h o r i t i e s  a r e  s e r i o u s l y  cons ider ing  r e v i s i n g  the  
TLV s tandard  f o r  s i l i c a  t o  emphasize the  smal le r  s i z e  p a r t i c l e s .  Also, some medical 
workers f e e l  t h a t  d u s t  p a r t i c l e s  somewhat l a rge r  than the  r e s p i r a b l e  f r a c t i o n  may 
lead to some r e s p i r a t o r y  d i s e a s e s ,  whi le  o the r s  f e e l  t h a t  the  submicron p a r t i c l e s  a r e  
e s p e c i a l l y  dangerous t o  human h e a l t h .  Furthermore, medical a u t h o r i t i e s  a r e  becoming 
inc reas ing ly  concerned t h a t  sho r t  exposures to  high d u s t  l e v e l s  may be more hazardous 
than t h e  eight-hour time-averaged va lue  of the d u s t  exposure,  which is t he  present  
b a s i s  of  t he  dus t  s t anda rd .  

Research purposes r equ i r e  a sho r t -du ra t ion ,  fas t - response  f i e l d  sampler t o  t e s t  
the e f f ec t iveness  of a d u s t  c o n t r o l  technique and to  a s s i s t  the i d e n t i f i c a t i o n  of 
dus t  sou rces .  The p resen t  midget imptnger u n i t  r e q u i r e s  about 10 minutes to o b t a i n  
s u f f i c i e n t  dus t  f o r  a n a l y s i s  by the Cou l t e r  counter .  This technique is reasonably 
s a t i s f a c t o r y  f o r  s c reen ing ,  comparison-type purposes.  However, a 10-minute sample 
t i m e  is excessive f o r  monitoring many mining opera t ions  owing to  the  s h o r t  du ra t ion  
of t h e  ope ra t ion .  

Light s c a t t e r i n g  is a t t r a c t i v e  because response t i m e  is r ap id  and t h e  e l e c t r i c a l  
ou tput  s i g n a l  can be r e a d i l y  measured and could be telemetered o r  used in c o n t r o l  
c i r c u i t r y .  However, l i g h t  s c a t t e r i n g  is r e l a t e d  t o  the  a rea  of  the p a r t i c l e s  in a 
d u s t  c loud ,  and r e s u l t s  must be converted t o  mass concent ra t ion  (mg/m3). 
l a h v e t e r y  lest, t h i s  cc::-cr;ic:. :e reaeor~'i:y i i p i & u c i i i i e .  U i t ' n  mine d u s t ,  the  
s i z e  d i s t r i b u t i o n  v a r i e s ,  and v a r i a b l e  amounts of  noncoal ma te r i a l s  t ha t  have d i f -  
f e r e n t  d e n s i t i e s  and indexes  of r e f r a c t i o n  a r e  o f t e n  present .  
lead to a v a r i a b l e  (and unknown) conversion f a c t o r .  Despite t he  p o t e n t i a l  unce r t a in ty  
in t he  conversion f a c t o r ,  a prototype u n i t  was f ab r i ca t ed  by a c o n t r a c t o r .  The u n i t  
has a f a s t  response time (5 seconds) and a l r eady  has  been va luable  in underground work 
as a "screening" t o o l .  

With 

Such v a r i a t i o n s  w i l l  

CHEMICAL ANALYSIS 

The 1969 A c t  s p e c i f i e s  a maximum exposure t o  r e s p i r a b l e  coa l  'mine d u s t  of 2 mg/m3 
bu t  a l s o  s t i p u l a t e s  t h a t  t h e  permitted l e v e l  is reduced below the 2 mg/m3 standard to  
the va lue  given by the express ion  lO/(percent qua r t z )  t o  match the TLV of  100 ~ g / m ~  
quar tz  f o r  an  eight-hour exposure.  A l l  the s i l i c a  in a coal-mine d u s t  sample is 
assumed to  be q u a r t z .  
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A t  p r e sen t ,  the Bureau ana lyzes  the  qua r t z  con ten t  i n  mine d u s t  by removing the 
d u s t  from about 10 personal  r e s p i r a b l e  d u s t  samples, canbin ing  the d u s t s ,  ash ing  the 
combined d u s t ,  making a KBr p e l l e t  of t h e  ashed d u s t ,  and measuring the amount of 
s i l i c a  i n  the  p e l l e t  wi th  i n f r a r e d  (IR) techniques .  This approach i s  time consuming 
and expensive and, by combining the  s i l i c a  con ten t  of the  s e v e r a l  samples, does not 
give the  eight-hour exposure of  an ind iv idua l .  

A technique f o r  ana lyz ing  the  s i l i c a  con ten t  of a s i n g l e  f i e l d  f i l t e r  sample 
was r e c e n t l y  developed by the Bureau wherein the  dus t  was removed and redepos i ted  
onto  a new f i l t e r  and then analyzed by I R  and X-ray techniques .  Resu l t s  obtained 
by both  techniques agreed, g iv ing  support  t o  the va lues  obtained by both  techniques .  
However, the  t rue  accuracy of  any of the  mentioned methods i s  exceedingly d i f f i c u l t  
t o  de te rmine .  Also, t he  e f f e c t  of p s r t i c l e  s i z e ,  the occurrence of o the r  S i 0 2  poly- 
morphs. and perhaps su r face  e f f e c t s  must be examined. 

D i rec t  measurement of  the  s i l i c a  i n  the mine d u s t  a s  c o l l e c t e d  on the f i e l d  
f i l t e r  sample would g r e a t l y  expedi te  a n a l y s i s  and i s  being explored by the  Bureau 
and a Contractor using I R  techniques and by another  con t r ac to r  using a new s o f t  
X-ray approach. 

Recent work i n  West Germany i r d i c a t e s  t h a t  s i l i c a  d u s t s  from d i f f e r e n t  c o a l  mines 

Considerable c l a r i f i c a t i o n  of the hazards a s soc ia t ed  with s i l i c a  by medical 
have s i g n i f i c a n t l y  d i f f e r e n t  t o x i c i t i e s  d e s p i t e  s i m i l a r  p a r t i c l e  s i z e s  and concentra- 
t i o n s .  
a u t h o r i t i e s  appears necessary .  

Medical r e sea rche r s  have become inc reas ing ly  concerned t h a t  small q u a n t i t i e s  
of  inorganic  and o ther  m a t e r i a l s  i n  the c o a l  mine dus t  may add t o  the  h e a l t h  hazard .  
The Bureau i n i t i a t e d  seve ra l  programs t o  develop labora tory  a n a l y t i c a l  methods t o  
measure the  concent ra t ions  of a s so r t ed  m a t e r i a l s  i n  a n t i c i p a t i o n  t h a t  s t anda rds  may 
be e s t a b l i s h e d .  I n  a d d i t i o n ,  techniques were developed f o r  measuring the  sur face  
a r e a s  and dens i ty  of d i f f e r e n t  s i z e  f r a c t i o n s  i n  the  r e s p i r a b l e  d u s t ,  i n  a n t i c i p a t i o n  
t h a t  such information would be of medical va lue .  However, medical a u t h o r i t i e s  have 
been h e s i t a n t  t o  promulgate new s tandards  i n  these a r e a s ,  and only one program exam- 
in ing  carc inogenic  organic compounds i n  r e s p i r a b l e  d u s t  has been cont inued .  

CONCLUSION 

The f i n a l  ob jec t ive  of t he  present  Bureau program is t o  provide advanced tech- 
nology t o  c o n t r o l  a i rborne  r e s p i r a b l e  d u s t  i n  c o a l  mines by 1975 and p re fe rab ly  
e a r l i e r .  An assortment of  approaches i s  being explored ,  f o r  i t  i s  un l ike ly  t h a t  a 
s i n g l e  technique w i l l  be e q u a l l y  s u i t a b l e  f o r  the  d ive r se  mining ope ra t ions .  The 
present  r e s p i r a b l e  dus t  problem i s  almost unique i n  indus t ry  because con t ro l l ed  
experiments a r e  d i f f i c u l t  t o  perform, d u s t  samplers a r e  imperfec t ,  and the  environ- 
ment is exceedingly h o s t i l e .  

REFERENCES 

1. P. Dessauer, e t  a l ,  Annals of the New York Academy of Sc iences ,  v .  200, 1972, 
p .  220. 



148 

INVESTIGATION OF MATERIALS FOR USE A S  A MINE SEALANT/COATING, J. R. Carlson and 
W. P. Banks, Contlnental 011 Company, P. 0. Box 1267, Ponca Ci)y, Ukiahorna 14601. 

Tho deter iorat ion o f  r ib-roof surfaces i n  coal mine en t r i es  which must be maintained 
f o r  many years Is a serlous problem. A coatlng of sprayed urethane foam Is known t o  ef -  
f ec t l ve l y  control de te r io ra t i on  i n  many cases, bu t  a t  the same t i m e  poses a f i r e  hazsrd. 
Thls paper presents an overview o f  recent work done w i th  Consoildatlon Coal Company t o  
f i n d  an effect ive, non-hazardous coating. Performance c r i t e r l a  are summarized f o r  var i -  
ous mine condlt ions and are re la ted t o  deslred baslc material properties. 
laboratory and f i e l d  t es ts  on several types o f  materials using varied approaches t o  the 
problem are dlscussed. 
these materlals. 

Results of 

Comparlsons are made on the safety, performance and economics o f  

I 
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THE EXTINCTION LIMITS OF AN ESTABLISHED FLAME 
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INTRODUCTION 

Many c o a l  mine e x p l o s i o n s  o r i g i n a t e  when t h e  me thane -a i r  mix tu re  
a t  t h e  workinq f a c e  i s  i g n i t e d .  The a i r  motion r e s u l t i n g  from t h e  
i n i t i a l  combust ion c a u s e s  t h e  coal  d u s t  l a y e r  on  t h e  w a l l s  to  become 
s t i r r e d  i n t o  t h e  a i r  ahead  of t h e  p r o p a g a t i n g  f lame.  The e x p l o s i o n  
process then  hecomes one  o f  a p r o p a g a t i n g  coal d u s t  methane f l a r x .  
The re fo re ,  any  d e v i c e  which is des igned  to  e x t i n g u i s h  t h e  f lame h y  
add ing  some so r t  o f  s u p p r e s s a n t  t o  t h e  unburned a i r  must be e f f e c t i v e  
w i t h  c o a l  d u s t  methane f l ames  o f  va ry ing  p r o p o r t i o n s .  It i s ,  t h e r e -  
f o r e ,  e s s e n t i a l  t o  have  a knowledge o f  t h e  e f f e c t i v e n e s s  of v a r i o u s  
s u p p r e s s a n t s  and  t h e  mechanism b y  which t h e y  work. 

I n  t h i s  p r o j e c t ,  w e  a r e  d e v e l o p i n g  a t e c h n i q u e  t o  s t u d y  b o t h  t h e  
e f f e c t i v e n e s s  and s u p p r e s s i o n  mechanism f o r  v a r i o u s  s o l i d  and gascorls 
s u p p r e s s a n t s  i n  methane coal  d u s t  a i r  f l ames .  I n  t h i s  p a p e r ,  w e  a r c  
r e p o r t i n g  some i n i t i a l  r e s u l t s  d e a l i n g  w i t h  t h e  e f f e c t  of gaseous  
s u p p r e s s a n t s  on a gaseous  methane a i r  f lame.  

h a d i t i o n a l l y ,  t h e  f l a m m a b i l i t y  of s u c h  f u e l - a i r  s u p p r e s s a n t  
m i x t u r e s  h a s  been  de te rmined  b y  o b s e r v i n g  t h e  upward or downward pro- 
p a g a t i o n  o f  a f l ame  o v e r  a f i x e d  d i s t a n c e  i n  a r e l a t i v e l y  l a r g e  d i a -  
meter tube  a f t e r  i g n i t i o n  a t  the  open end o f  t h e  t u b e  ( 1 ) .  There  i s ,  
however,  some q u e s t i o n  as to  the a p p l i c a b i l i t y  o f  t h i s  t y p e  of d a t a  to 
t h e  case where a flame propagates from a f u l l y  flammable r e g i o n  i n t o  a 
r e g i o n  t h a t  c o n t a i n s  a s u p p r e s s a n t .  

This pape r  d e s c r i b e s  a new t e c h n i q u e  f o r  d e t e r m i n i n g  f l a m m a b i l i t y  
l i m i t s  u s i n g  a l a r g e  s t e a d y  f low b u r n e r  i n  which t h e  s u p p r e s s a n t  n ix -  
t u r e  i s  p l a c e d  i n  c o n t a c t  w i t h  a f lame p r o p a g a t i n g  th rough  a m i x t u r e  
devo id  o f  S u p p r e s s a n t  i n  a n  a t t e m p t  to  more r e a l i s t i c a l l y  model t h e  
mine s i t u a t i o n .  

THE BURNER 

I n  o r d e r  t o  i n v e s t i g a t e  the problem o f  d i r e c t  e x t i n g u i s h m e n t ,  a 
special  s t e a d y  f l o w  b u r n e r  w a s  c o n s t r u c t e d .  P r o v i s i o n s  have  been made 
f o r  t h e  u s e  o f  c o a l  d u s t  a s  a f u e l  and  s o l i d s  a s  s u p p r e s s a n t s  a l though  
t h e y  were n o t  used  to o b t a i n  t h e  r e s u l t s  d i s c u s s e d  i n  t h i s  r e p o r t .  
The basic o b j e c t i v e  of t h e  b u r n e r  d e s i g n  w a s  t o  o b t a i n  two r e l a t i v e l y  
l a r g e  a r e a  s t r e a m s ,  one  of which w i l l  s u p p o r t  a s t e a d y  o b l i q u e  f lame 
s h e e t  such  t h a t  t h e  f lame c a n  be made t o  p r o p a g a t e  from t h i s  f u l l y  
flammable r e g i o n  i n t o  a n o t h e r  r e g i o n  c o n t a i n i n g  s u p p r e s s a n t .  This  was 
accomplished b y  d i v i d i n g  t h e  f low a r e a s  a t  t h e  b u r n e r  head i n  t h e  
manner shown i n  F i g u r e  1. 

The two i n n e r  r e c t a n g u l a r  r e g i o n s  of t h i s  b u r n e r  a r e  f e d  by f lows  
t h a t  c o n t a i n  o n l y  a f u e l - a i r  m i x t u r e  for the l a r g e r  a n n u l a r  shaped  
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r e c t a n g u l a r  r e g i o n  and f u e l - a i r  s u p p r e s s a n t  m i x t u r e s  €or t h e  c e n t r a l  
r e c t a n g u l a r  r e g i o n .  The o u t e r  o f  these two r e g i o n s  t h e r e f o r e  p r o v i d e s  
a t y p i c a l  non-suppressed premixed l a m i n a r  f lame as a n  i g n i t i o n  f lame 
w h i l e  t h e  i n n e r  r e g i o n  c o n t a i n s  a f l o w  i n  which a s u p p r e s s a n t  may b e  
added to t h e  m i x t u r e  to tes t  f o r  f l a m m a b i l i t y  l i m i t  b e h a v i o r .  The 
flow r a t e s  and c o m p o s i t i o n  o f  each r e g i o n  may be v a r i e d  and measured 
i n d e p e n d e n t l y  u s i n g  r o t a m e t e r s .  The n i t r o g e n  f l o w s  a l o n g  t h e  t w o  s h o r t  
edges  o f  t h e  b u r n e r  p r e v e n t  f lame a t t a c h m e n t  a t  t h e  end o f  t h e  b u r n e r  
and f a c i l i t a t e  end-on o b s e r v a t i o n  of t h e  f lame (i.e.,  o b s e r v a t i o n  a l o n g  
t h e  major a x i s  o f  t h e  b u r n e r ) .  The a i r  c h a n n e l s  a l o n g  t h e  l o n g e r  o u t e r  
edges  of  the  b u r n e r  s h i e l d  t h e  o u t e r  edges  o f  t h e  f lame from e x t e r n a l  
d i s t u r b a n c e s  and c a n  be used to  s t a b i l i z e  l a r g e  d i f f u s i o n  f lames  i n  t h e  
a n n u l a r  r e c t a n g u l a r  f l o w  regime.  Plow d i f f u s e r s  have  been  p l a c e d  i n  
a l l  o f  t h e  f low s t r e a m s  below t h e  b u r n e r  head i n  o r d e r  t o  o b t a i n  'a 
uniform f low v e l o c i t y  i n  each  o u t l e t  r e g i o n  o f  t h e  b u r n e r .  The f i n a l  
e x i t  p l a n e  o f  t h e  b u r n e r  i s  f i l l e d  w i t h  o v e r  2000 c l o s e l y  packed 1/8 
i n c h  s t a i n l e s s  s t e e l  t u b e s  which a r e  long  enough to  d e v e l o p  and s t a -  
b i l i z e  a f u l l y  l a m i n a r  f low a t  t h e  b u r n e r  head .  These t u b e s  also s e r v e  
t o  quench t h e  f lame and p r e v e n t  f l a s h  back i n t o  t h e  body o f  t h e  b u r n e r  
a t  low flow v e l o c i t i e s .  I n  a d d i t i o n ,  as shown i n  F i g u r e  1, t h e  b u r n e r  
head c o n t a i n s  a number o f  p a r a l l e l  s t a i n l e s s  s t e e l  shim s t o c k  s p a c e r s  
which h e l p  s t a b i l i z e  b o t h  t h e  f low and  the f lame.  

I 

THE TECHNIQUE . 

I The flame s h a p e s  t h a t  are obse rved  i n  t h i s  b u r n e r  are a c t u a l l y  
q u i t e  complex and ,  i n  g e n e r a l ,  depend upon t h e  s t o i c h i o m e t r y  o f  b o t h  
t h e  s u r r o u n d i n g  i g n i t i o n  s t r e a m  and t h e  c e n t r a l  s u p p r e s s a n t  s t r e a m  as I 

w e l l  as t h e i r  v e l o c i t i e s .  I 
I 

It has  been  found t h a t  i n  t h e  i g n i t i o n  s t r e a m  a s i n g l e  l a r g e  t e n t  
f lame,  open a t  b o t h  e n d s ,  may b e  e a s i l y  s t a b i l i z e d  o n  t h e  r i c h  s i d e  
even though on t h e  l e a n  s i d e  it i s  e a s i e r  t o  s t a b i l i z e  a f lame which 
a t t a c h e s  to  m o s t  o f  t h e  shim s p a c e r s  and t h e r e b y  p roduc ing  a s h o r t e r  
h e i g h t  m u l t i p l e  t e n t  f l a m e  which is a l s o  open a t  t h e  ends.  I n  a l l  
t h e s e  c a s e s ,  t h e  i n n e r  tes t  s t ream,  which may c o n t a i n  s u p p r e s s a n t ,  i s  
c o n t a c t e d  on f o u r  s i d e s  b y  a h o t  p r o d u c t  s t r e a m  i s s u i n g  from t h e  
i g n i t i o n  reg ion .  

I n  t h e  e x p e r i m e n t s  on  f l a m m a b i l i t y ,  w e  a r e  i n t e r e s t e d  i n  how t h i s  
c e n t r a l  s t r e a m  behaves  as i t s  compos i t ion  p a s s e s  th rouuh  t h e  flammabi- 
l i t y  l i m i t  o f  t h e  m i x t u r e .  P r e l i m i n a r y  o b s e r v a t i o n s  showed t h a t  f o r  
s u p p r e s s a n t  and i g n i t i o n  s t r e a m  e q u i v a l e n c e  r a t i o s  which were l e a n -  
r i c h  or r i c h - l e a n  and f o r  a flammable mix tu re  i n  t h e  s u p p r e s s a n t  
s t r e a m  t h e  b u r n e r  a lways  e x h i b i t e d  a c e n t r a l  t e n t  f lame i n  t h e  suppres-  
s a n t  s t r e a m  which was anchored  a t  t h e  r e c t a n g u l a r  s t r e a m  d i v i d e r  edges.  
However, f o r  a r i c h - r i c h  o r  l e a n - l e a n  i n t e r f a c e ,  t h e  f lame d i d  n o t  
a t t a c h  a t  t h e  i n t e r f a c e  d i v i d e r  edge b u t  i n s t e a d  p r o p a g a t e d  a c r o s s  t h e  
i n t e r f a c e  to  p roduce  a f lame which, i n  g e n e r a l ,  s i t u a t e d  i t s e l f  a t  a 
d i f f e r e n t  o b l i q u e  a n g l e  t h a n  t h a t  which e x i s t e d  i n  t h e  i g n i t i o n  s t ream.  
These t w o b e h a v i o r s  are  i l l u s t r a t e d  f o r  a s e c t i o n  o f  t h e  f lame i n  
F i g u r e  2. I 

It w a s  o b s e r v e d  t h a t  i f  one viewed t h e  f l a m e . a l o n g  t h e  mayor a x i s  
o f  t h e  b u r n e r  a s  one a l t e r e d  t h e  s u p p r e s s a n t  s t r e a m  compos i t ion  from 
flammable to in f l ammable ,  t h e  i n c l u d e d  a n g l e  o f  t h e  c e n t r a l  t e n t  flame 
a t  f i r s t  r a p i d l y  approached  an a n g l e  which was n e a r  z e r o  and t h e n  
remained a t  or n e a r  t h a t  small a n g l e  w i t h  f u r t h e r  changes  i n  composi- 
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tion. Interestingly enough, this type of distinct limit behavior was 
observed for either of the interface geometries described in Figure 2 .  

Based on the above observations, the following procedure for 
determining flammability limits was developed. A premixed laminar 
flame was established in the outer (non-suppressed) stream, while the 
mixture in the inner (suppressant) stream was set well beyond the 
flammability limit in order to prevent flashback. The flows were ad- 
justed so that the inner stream velocity always remained close to that 
of the outer stream. 

During an experimental run the composition of the inner (suppres- 
sant) stream was changed systematically so that its composition varied 
in steps from a completely non-flannrable to a completely flamabie 
mixture. This was done by either changing the percentage of fuel 
(methane) or the percentage of suppressant depending upon the region 
of the flammability curve that was to be investigated in that parti- 
cular run. Observations of the flame angle were made through a trans- 
parent plexiglass window located approximately three feet frcn the 
burner head. For each of the flow settings (i.e., for each of the 
compositions of the suppressant stream) the operator placed his eye in 
line with each flame tent edge and drew lines parallel to each side of 
the flame sheet as it existed just inside of the suppressant stream. 
A transparent plastic sheet was mounted on the plexiglass wiiiciow for  
this purpose. In this way an accurate measurement of the included 
flame anqle was obtained for that particular set of rotamctm scttinqs. 
This includcdangle between the two flame sheets was divided by two to 
obtain, t h e  oblique flame angle a. Since this operation was pcrforned 
for a number of points during a systematic change in composition, the 
technique in effect involves titrating the flame for an end point 
corresponding to the flammable limit of that particular mixture. 
Figure 3 illustrates the experimentally obtained relationship hetwecn 
the included flame half angle, a, and the fuel concentration in the 
suppressant stream for three different suppressant percentages. In 
this case the percent methane was t h e  titration variable. Observe 
the decrease of at towards zero with a distinct change in the slope of 
the alpha-fuel composition curve when the angle becomes close to zero. 
In some cases, the stream lines were slightly divergent or convergsn? 
so that the maximum inflection in the curve (end point) was ohserveci 
for values of alpha slightly less than or slightly qreatcr than zcra. 
In actual practice, the flammable limit composition was chosen a s  the 
point at which the flammable and inflammable branches of the alnha, 
percent composition curves intersectcd as indicated by the smooth 
extrapolation of these curves. It should be noted that it was still 
possible to observe an "apparent flame sheet" in our burner even 
though the suppressant stream composition was well outside the flamma- 
bility limit. This can be attributed to reactions occurring as the 
fuel in the suppressant stream encounters hot combustion gases from 
the ignition stream due to diffusional processes. Thus, some observ- 
able reactions were occurring although under these conditions they 
were not of sufficient magnitude to support a propagating flame in the 
suppressant stream. 

ACCURACY AND REPRODUCIBILITY OF THE TECHNIQUE 

.In order to check on accuracy and reproducibility, a few titration 
runs were repeated at different suppressant flow velocities and on 
different days. A comparison of the OL versus CH4 percent for thcsc 
cases is shown in Figure 4 .  

i 

\ 
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Both of these c u r v e s  i l l u s t r a t e  t h a t  t h e  r e p r o d u c i h l l i t y  of t h e  
d a t a  is + 1/2 p e r c e n t  CH4 and  t h a t  t h e  l o c a t i o n  of t h o  jnflc.c:ion 
p o i n t  i s - r e l a t i v e l y  i n s e n s i t i v e  to t h e  f l o w  v e l o c i t y .  mwcvar, s e n s i -  
t i v i t y  of t h e  t e c h n i q u e  is  de te rmined  b y  t h e  flow veloc:it:{ t o  some 
e x t e n t  because  a t  high f l o w  v e l o c i t y  and  a t  h i g h  s u p p r c s s a n t  concen- 
t ra t ions ,  the maximum v a l u e  o f  d becomes v e r y  s m a l l ,  a!; i s  chown i n  
F i g u r e  3. T h e r e f o r e ,  the expe r imen t s  were a lways  perfo;::ed ::it-h t h e  
lowes t  p o s s i b l e  s u p p r e s s a n t  flow v e l o c i t y  for t h e  pnr1:ic:::lar C;7;ire9 
t i t r a t  i o n .  

W e  f e e l  t h a t  t h e  e q u i v a l e n c e  r a t i o  o f  t h e  extcrn:. l  i g n i t i o n  
stream may possibly h a v e  a n  e f f e c t  on the end po i i i t ,  I.c., c!:: the 
measured f l a m m a b i l i t y  l i m i t .  However to d a t e  a l l  the  d a t a  lis- been 
t aken  w i t h  a l e a n  s u r r o u n d i n g  i g n i t i o n  s t r eam.  T h i s  is t h e  r c a s 6 n  why 
the r i c h  end of t h e  d c u r v e s  i n  F i g u r e  4 a l l  havr. ;.nZ 
whose v a l u e  of d is grea te r  t h a n  zero degrees .  Ciider 
t h e  r i c h  b ranch  of the f l a m m a b i l i t y  c u r v e  i s  a lways  mci;.:u:ail Ci‘ron an 
a t t a c h e d  flame and  flow d i v e r g e n c e  does  n o t  o c c u r  ca~d.?.;~. E?c l ean  
b r a n c h ,  o n  the o t h e r  hand ,  is a lways  o r i e n t e d  as cliowr, 1.11 F i i j ~ i r ~  223 
and u n d e r  t h e s e  c o n d i t i o n s  central  stream d i v e r g e n c e  occu.rs r i i l a t i v e l y  
e a s i l y .  Thus, some of t h e  l e a n  end points  o c c u r  for r::ktiv.::!.y large 
n e g a t i v e  v a l u e s  o f  e. 

RESULTS 

The c f f e c t s  of f o u r  s u p p r e s s a n t s  ( A r ,  N 2 ,  C02, and IIaLc!i 1331) on 
t h e  f l a m m a b i l i t y  l i m i t s  o f  a methane-air  f l a m e  a r e  s h u m  i n  F f q u r e  5 .  
The f l a m m a b i l i t y  l i m i t s  de t e rmined  b y  t h i s  technj.que were g e r i ~ r a l l y  
found t o  be w i d e r  t h a n  those de te rmined  b y  s t a n d n r d  v e s s e l  p~G:Xi.gatiari 
t e c h n i q u e s .  The l e a n  l i m i t s  o b t a i n e d  t ended  t o  bo abou t  1 p e r c e n t  C;i.; 
l e a n e r  than vessel  p r o p a g a t i o n  l i m i t s  and  c o n v e r s e l y ,  the  r i c h  limits 
were a b o u t  1 p e r c e n t  CH4 r i c h e r  t h a n  vessel  p r o p a g a t i o n  lir.tits for a 
g i v e n  p e r c e n t a g e  of s u p p r e s s a n t .  The o n l y  e x c e p t i o n  noted  v a s  t h e  case  
of Halon 1 3 0 1  i n  which the r i c h  f l a m m a b i l i t y  l i m i t s  wcrc agpixxzina te ly  
2 p e r c e n t  M4 richer than those f r o m  vessel  p ropaga t i c i :  liialit.s ( 2 ) .  

I t  was o b s e r v e d  t h a t  the  r i ch  l i m i t s  for N2 and AI? were j . n d i s -  
t i n g u i s h a b l e  and t h a t  t h e  l e a n  l i m i t s  were very cl.ose, a7. thmch t h e  x2 
l e a n  l i m i t s  were 10 p e r c e n t  h i g h e r  t h a n  t h e  va luca  o f  P a r  lotin 1in:its. 
The r e s u l t s  o f  o t h e r  i n v e s t i g a t o r s  (1) show a s u h s t a n t i . a l  di?fe;once 
between Nz and A r  l i m i t s .  The r e a s o n  f o r  t h e  d i f i ’ e rcwc  5 i n  the 
- - - _ _ _ _  ? - e c r r l t =  j.$ c l e a r  this rim,?. Q-.e nf ?-->e feT:t*...?.f-c. nf the !!C!”J 

t e c h n i q u e  which may have  a b e a r i n g  on t h e  comparison with o t h e r  toch-  
n i q u e s  is t h e  l a c k  of  a h e a t  s i n k  f o r  t h e  s u p p r e s s e d  gases.  Ynus, t h e  
the rma l  c o n d u c t i v i t y  of t h e  g a s c s  may havc  a s t r o r ~ q c i :  inf1uc:;c:e i n  onr? 
sys t em than  i n  t h e  o t h e r .  I n  a d d i t i o n ,  s i n c e  t h e  new t e c h n i q u e  i .nvolves 
the u s e  of a f o r c e d - f l o w  sys t em,  the p h y s i c a l  p r o p e r t i e s  o f  t h o  gascs 
cou ld  a l s o  h a v e  v a r y i n g  d e g r e e s  o f  i n f l u e n c e  i n  t h e  d i f f e r e n t  tech-  
n i q u e s .  

CONCLUSIONS 

A t e c h n i q u e  h a s  been deve loped  f o r  t h e  measurement of t h e  
e x t i n c t i o n  l i m i t s  of w e l l - e s t a b l i s h e d  f l a m e s  by gaseous  Suppres san t s .  
The r e s u l t s  of t h i s  t e c h n i q u e  a r e  similar t o  t h e  r e s u l t s  o f  conven- 
t i o n a l  t e c h n i q u e s ,  a l t h o u g h  t h e  f l a m m a b i l i t y  l i m i t s  a re  wide r  f o r  t h i s  
t e c h n i q u e  t h a n  those o b t a i n e d  fo r  c o n v e n t i o n a l  t echn iques .  
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THE USE OF GEOLOGICAL INFORMATION TO DESCRIBE COAL MINE ROOF CONDITIONS. 
L. G. Benedict and R. R. Thompson, Homer Research Laboratories,  Bethlehem Stee l  

Corporation, Bethlehem, PA 18016 

Since bad mine-roof conditions d i r e c t l y  a f f e c t  mine production and s a f e t y ,  i t  is 
important to  be  ab le  t o  d e t e c t  or i den t i fy  the  loca t ion  of a reas  where such conditions 
a r e  l i k e l y  t o  be encountered i n  undeveloped por t ions  of coa l  reserves.  
of the  geology assoc ia te5  with the  coa l  seams i n  our Cambria Division mines i n  central 
Pennsylvania as w e l l  a s  from discussions with our coa l  mine opera tors ,  w e  worked out  a 
model based on geological va r i ab le s  t h a t  w i l l  make it poss ib le  t o  i d e n t i f y  a reas  of po- 
t e n t i a l l y  bad mine-roof conditions pr ior  t o  mining. The geologica l  f a c t o r s  i n  t h i s  model 
a re :  the in t ens i ty ,  d i r ec t ion  and ex ten t  of sur face  f r a c t u r e s  as determined from a e r i a l  
photographs; the nature and thickness of the  s t r a t a  immediately above t h e  coa l  seam; t h e  
thickness of the overburden; and the  presence and ex ten t  of anc ien t  stream-channel 
depos i t s .  Taken toge ther ,  these  geologica l  f a c t o r s  i n  a conventional mine-development 
plan should make i t  poss ib le  t o  ass ign  a r e l a t i v e  ranking of the  roof condi t ions  tha t  a r e  
l i k e l y  t o  be found as mining progresses over the  ex ten t  of the  coa l  r e se rve .  Of course,  
quan t i f i ca t ion  of t h i s  ranking w i l l  r equi re  a thorough knowledge of t h e  independent r o l e  
of each of t h e  geological va r i ab le s  i n  mine-roof condi t ions ,  and t h i s  w i l l  be  accom- 
p l i shed  a s  mining advances over a l a rge r  por t ion  of t he  a rea  under study. Once the  
required information is obtained, the model w i l l  no t  only enable us t o  pinpoint the  loca- 
t i o n  of bad mine roof i n  coa l  reserves  but  should u l t imate ly  provide t h e  guide l ines  f o r  
working out mine-development plans t h a t  w i l l  r e s u l t  i n  opthum produc t iv i ty  and maximum 
s a f e t y  throughout t he  l i f e  of t he  coal reserve. 

From our s tud ie s  
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ENGINEERING ASPECTS OF COAL MINE VENTILATION SYSTEMS 

R .  V. Ramani and A .  Owili-Eger 

Department  of M i n e r a l  E n g i n e e r i n g ,  The P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  

INTRODUCTION 

The s ingle  most c r i t i c a l  f a c t o r  a f f e c t i n g  t h e  h e a l t h  and s a f e t y  
o f  workers  engaged i n  t h e  coa l -winning  p r o c e s s  i s  the mine envi ronment ;  
which i s  b r o a d l y  d e f i n e d  as t h e  space  i n  which man works when under-  
ground and  i n c l u d e s  t h e  p h y s i c a l  and c h e m i c a l  c o n d i t i o n s  of t h e  s u r -  
r o u n d i n g  e n c l o s u r e  a n d  t h e  nearby  mining  equipment .  A fundamenta l  
o b J e c t i v e  of a mine v e n t i l a t i o n  system is t o  supply  t h i s  environment  
w i t h  a n  a d e q u a t e  and s u f f i c i e n t  q u a n t i t y  of uncontaminated  f r e s h  a i r .  
It is t h e  l a r g e s t  s i n g l e  l o g i s t i c s  a p p l i c a t i o n  i n  h e a l t h  and s a f e t y  
f o r  underground c o a l  m i n i n g  o p e r a t i o n s .  It is sometimes n e c e s s a r y  t o  
c o u r s e  i n t a k e  a i r  t h r o u g h  s e v e r a l  m i l e s  of  underground airways i n  o r d e r  
t o  a c h i e v e  t h i s  p u r p o s e .  Leakages w i l l  be  s e v e r e  and y e t  a n  adequate  
s u p p l y  of fresh a i r  must be d e l i v e r e d  t o  t h e  las t  open c r o s s - c u t  o u t b y  
of  t h e  a c t i v e  f a c e .  This p r o c e s s  i s  i d e n t i f i e d  as q u a n t i t y  c o n t r o l .  
Equal ly  i m p o r t a n t ,  i f  n o t  more c r u c i a l ,  i s  t h e  q u a l i t y  c o n t r o l  p r o c e s s  
d e a l i n g  w i t h  the  c o n t r o l  o f  r e s p i r a b l e  c o n t a m i n a n t s  l i b e r a t e d  d u r i n g  
mining  o p e r a t i o n s .  

The F e d e r a l  C o a l  Mine Health and S a f e t y  Act of 1969,  Sec .  3 0 3 ( b ) ,  
s t i p u l a t e s  t h a t  the  p r i m a r y  v e n t i l a t i o n  sys tem must d e l i v e r  a t  l e a s t  
9,000 cfm of u n c o n t a m i n a t e d  f r e s h  a i r  t o  t h e  l a s t  open c r o s s - c u t .  
A u x i l i a r y  v e n t i l a t i o n  s y s t e m s  a r e  r e q u i r e d  t o  s u p p l y  3 ,000  cfm t o  t h e  
c o a l  f a c e .  S e c .  202(b), ( 2 ) ,  o f  t h e  1969 Act s t a t e s  t h a t  each mine 
o p e r a t o r  s h a l l  c o n t i n u o u s l y  m a i n t a i n  a n  a v e r a g e  c o n c e n t r a t i o n  of  res- 
p i r a b l e  d u s t  i n  t h e  mine environment  d u r i n g  e a c h  s h i f t  a t  o r  below 
2 . 0  mg/m3. R e s p i r a b l e  d u s t  c a n  be  d e f i n e d  as s o l i d  c o a l  p a r t i c l e s  i n  
t h e  minus 1 0  micron  r a n g e  which become a i r b o r n e  and d o  n o t  s e t t l e  e a s i l y .  

With r e s p e c t  t o  g a s e o u s  c o n c e n t r a t i o n ,  t h e  1969 Act s t a t e s  t ha t  no  
working s e c t i o n  o f  t h e  mine s h a l l  c o n t a i n  more t h a n  0.5 p e r c e n t  c a r b o n  
d i o x i d e  and no h a r m f u l  q u a n t i t i e s  o f  o t h e r  n o x i o u s  o r  poisonous  g a s e s  
s u c h  as t h e  o x i d e s  of n i t r o g e n .  The c o n c e n t r a t i o n  o f  methane s h o u l d  a t  
a l l  times be m a i n t a i n e d  below one p e r c e n t .  A s p l i t  of a i r  r e t u r n i n g  
from any working s e c t i o n  s h a l l  c o n t a i n  no more t h a n  1 . 5  p e r c e n t  of 
methane and a i r  t h a t  has p a s s e d  by a n  o p e n i n g  of any abandoned area 
sha l l  n o t  be used  t o  v e n t i l a t e  any working p l a c e  i n  t h e  c o a l  mine if 
s u c h  a i r  c o n t a i n s  more than 0.25 p e r c e n t  methane.  Methane concen- 
t r a t i o n  i n  t h e  r e t u r n s  f rom t h e  bleeder  e n t r i e s  s h o u l d  n o t  exceed 2 . 0  
p e r c e n t ,  and no a i r  t ha t  has p a s s e d  t h r o u g h  a n  opening  which is  i n a c c e s -  
s i b l e  f o r  e x a m i n a t i o n  s h a l l  b e  used t o  v e n t i l a t e  any a c t i v e  a r e a s .  While 
t h e  a i r  q u a n t i t y  r e q u i r e m e n t s  a l o n e  can  e a s i l y  be met, t h e  g o v e r n i n g  con- 
d i t i o n  i n  m o s t  mines i s  t h e  d i l u t i o n  r e q u i r e m e n t s  f o r  q u a l i t y  c o n t r o l .  A 
s u f f i c i e n t  q u a n t i t y  o f  a i r  is r e q u i r e d  t o  r e n d e r  harmless and c a r r y  away 
noxious  and  r e s p i r a b l e  p o l l u t a n t s .  

Good v e n t i l a t i o n  i s  e s s e n t i a l  f o r  e f f i c i e n t  mine o p e r a t i o n .  On one 
hand,  a v a i l a b l e  v e n t i l a t i o n  f a c i l i t i e s  p l a c e  c e r t a i n  l i m i t a t i o n s  on pro-  
d u c t i o n  l e v e l .  On t h e  o t h e r  hand,  v e n t i l a t i o n  p o s s i b i l i t i e s  and r e q u i r e -  
ments cannot  b e  d e f i n e d  o t h e r  t h a n  i n  r e l a t i o n  t o  a p r o d u c t i o n  p l a n .  
Thus, v e n t i l a t i o n  and  p r o d u c t i o n  p l a n n i n g  are  i n t e r d e p e n d e n t .  Exper ience  
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i n  t h e  l a s t  decade  h a s  shown t h a t  t h e  development  of l a r g e r  and more 
powerfu l  machines  for h i g h e r  p r o d u c t i o n  r a t e s  c a l l s  f o r  i n c r e a s e d  
s o p h i s t i c a t i o n  i n  v e n t i l a t i o n  p l a n n i n g .  Over t h e  l a s t  t w e n t y  y e a r s ,  
v e n t i l a t i o n  s t a n d a r d s  have r i s e n  s t e a d i l y  and s t r i n g e n t  r e g u l a t i o n s  
have been e n a c t e d .  It i s  a l s o  e v i d e n t  t h a t  i n  t h e  n e a r  f u t u r e ,  ven- 
t i l a t i o n  r e q u i r e m e n t s  w i l l  become i n c r e a s i n g l y  more demanding. The 
t r e n d  i s  a consequence of change i n  b o t h  mining  c o n d i t i o n s  and e q u i p -  
ment. These changing  c o n d i t i o n s ,  such  as h i g h e r  p r o d u c t i o n  from fewer 
mines ,  e x t r a c t i o n  of t h i n n e r  seams, i n c r e a s i n g  d e p t h  o f  workings  and 
a d d i t i o n a l  i n s t a l l e d  horsepower ,  i n f l u e n c e  t h e  p l a n n i n g  and d e s i g n  of  
v e n t i l a t i o n  s y s t e m s .  It i s  , t h e r e f o r e ,  becoming i n c r e a s i n g l y  i m p o r t a n t  
t h a t  v e n t i l a t i o n  r e q u i r e m e n t s  s h o u l d  be  a d e q u a t e l y  a s s e s s e d  a t  t h e  p l a n -  
n i n g  s t a g e .  

COMPUTERS I N  MINE VENTILATION STUDIES 

The r o l e  which computers  c a n  p l a y  i n  e v a l u a t i n g  v e n t i l a t i o n  para-  
m e t e r s  and p r o c e s s e s  i s  t remendous .  During t h e  p a s t  d e c a d e ,  t h e  r o l e  
of  t h e  d i g i t a l  computer  h a s  expanded i n  a n  u n p r e c e d e n t e d  manner f rom 
p u r e l y  commercial  a p p l i c a t i o n s  t o  problems i n v o l v i n g  t h e  d e s i g n ,  main- 
t e n a n c e ,  and c o n t r o l  o f  t e c h n i c a l  s y s t e m s .  Major development  o f  com- 
p u t e r  a p p l i c a t i o n s  for mine v e n t i l a t i o n  h a s  been i n  t h e  f i e l d  of  ven- 
t i l a t i o n  p l a n n i n g .  When a n  enormous amount of d a t a  h a s  been  c o l l e c t e d ,  
a computer can  be  used  a d v a n t a g e o u s l y  t o  r e l i e v e  t h e  v e n t i l a t i o n  e n g i n e e r  
from t h e  ted ium o f  r o u t i n e  r e p e t i t i v e  c a l c u l a t i o n s .  I n  a d d i t i o n ,  d i g i t a l  
d a t a  p r o c e s s i n g  h a s  b o t h  s h o r t  and l o n g  t e r m  s i g n i f i c a n c e .  Long range  
d a t a  p r o c e s s i n g  i n v o l v e s  such  o b s e r v a t i o n s  which a re  r o u t i n e  and are 
b e i n g  c o n t i n u a l l y  r e c o r d e d .  An accumula t ion  of  such  d a t a  c o u l d  b e  t e s t e d  
for s t a t i s t i c a l l y  s i g n i f i c a n t  t r e n d s  ( 6 ) .  T h i s  i n f o r m a t i o n  c o u l d  t h e n  
b e  used i n  p l a n n i n g  t h e  v e n t i l a t i o n  of new s e c t i o n s  or a d j a c e n t  mining  
o p e r a t i o n s .  S h o r t  t e r m  d a t a  p r o c e s s i n g  i n v o l v e s  s p o t  t e s t i n g  and check-  
i n g  o f  such  p a r a m e t e r s  as f a n  per formance ,  optimum roadway s i z e s ,  a i r  
horsepower l o s s e s ,  and s t a t i s t i c a l  e x a m i n a t i o n  of  i n f o r m a t i o n  s u r v e y s .  

Development o f  computer ized  methods of  c a l c u l a t i o n s  i s  o n l y  one 
a s p e c t  of t h e  use  o f  d i g i t a l  machines  by r e s e a r c h  p e r s o n n e l .  An example 
o f  v e n t i l a t i o n  r e s e a r c h  which i s  comple te ly  computer  dependent  i s  t h e  
t h e o r e t i c a l  i n v e s t i g a t i o n s  t o  s t u d y  t h e  p a t t e r n s  of methane f l o w s  and 
r a t e s  i n t o  t h e  mine o p e n i n g s  from t h e  roof, s i d e s ,  and f l o o r .  Mathemat ica l  
models have been developed  which e n a b l e  t h e  computer  t o  s i m u l a t e  g a s  f low 
r a t e s  w h i l e  v a r y i n g  such  p a r a m e t e r s  as t h e  p o s i t i o n  and e m i s s i v i t y  of  t h e  
g a s  s o u r c e s ,  boundary p r e s s u r e s ,  and t h e  p e r m e a b i l i t i e s  of  t h e  i n t e r v e n -  
i n g  s t r a t a .  

The a p p l i c a t i o n  of energy  and mass t r a n s p o r t  phenomena, or more 
a p p r o p r i a t e l y ,  phys ico-chemica l  p r i n c i p l e s ,  t o  q u a n t i f y  mining  e n g i n -  
e e r i n g  p a r a m e t e r s  f o r  q u a l i t y  and  q u a n t i t y  c o n t r o l  o f  t h e  mine e n v i r o n -  
ment h a s  t a k e n  an u n p r e c e d e n t e d  o u t l o o k  s i n c e  t h e  a d v e n t  o f  d i g i t a l  com- 
p u t e r s .  These machines  e n a b l e  complex problems i n  v e n t l l a t i o n  t o  be  
modeled and s o l v e d  n u m e r i c a l l y .  It i s ,  t h e r e f o r e ,  n o t  s u r p r i s i n g  t h a t  
s o l u t i o n  of  problems of  t e m p e r a t u r e  and h u m i d i t y ,  f l u i d  f l o w  dynamics,  
and t o x i c  e m i s s i o n  d i l u t i o n  i n  t h e  mine envi ronment  a r e  b e i n g  a t t e m p t e d  
t h r o u g h  m a t h e m a t i c a l  models and computers .  The p a r a m e t e r s  o b t a i n e d  from 
such  n u m e r i c a l  e s t i m a t i o n  can  t h e n  b e  u t i l i z e d  i n  e n g i n e e r i n g  and p r o -  
c e s s  c o n t r o l .  

Today, more t h a n  e v e r ,  much a t t e n t i o n  i s  b e i n g  f o c u s e d  on t h e  de- 
velopment of  a s y s t e m  of  remote m o n i t o r i n g  and c o n t r o l  of e n v i r o n m e n t a l  
p a r a m e t e r s .  S i g n i f i c a n t  p r o g r e s s  i s  b e i n g  r e p o r t e d  i n  remote  s e n s i n g  
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and m o n i t o r i n g  of e n v i r o n m e n t .  Some work h a s  a l r e a d y  been  done i n  t h e  
Uni ted  Kingdom on a u t o m a t i c  m o n i t o r i n g  of  a methane d r a i n a g e  sys tem.  
Such a u t o m a t i c  c o n t r o l s  can  be ex tended  t o  o t h e r  e n v i r o n m e n t a l  p a r a -  
meters such  a s  heat  and  h u m i d i t y ,  t e m p e r a t u r e  and  d u s t  l eve ls .  A s  
s t u d i e s  are  p e r f e c t e d  i n  t h e  d e t e r m i n a t i o n  of  s u i t a b l e  p a r a m e t e r s  f o r  
c o n t r o l ,  t h e i r  r a n g e  o f  o p e r a t i o n  and c h o i c e  of  m o n i t o r i n g  s i t e s ,  these 
advances  c a n  e v e n t u a l l y  be u s e d  t o  d e v e l o p  o n - l i n e  computer  c o n t r o l  
sys tems o f  t h e  c o m p l e t e  mine envi ronment .  

VENTILATION NETWORK ANALYSIS 

The t h e o r y  o f  ne twork  a n a l y s i s  has l o n g  p l a y e d  a n  i m p o r t a n t  ro le  
i n  many b r a n c h e s  o f  e n g i n e e r i n g  s c i e n c e s .  T r a n s p o r t a t i o n  and o t h e r  
d i s t r i b u t i o n  problems h a v e  been  s o l v e d  by  a p p l y i n g  t o o l s  o f  network 
a n a l y s i s .  L i t e r a t u r e  r e v i e w  r e v e a l s  t h a t  t h e  a p p l i c a t i o n  o f  t h i s  t h e o r y  
t o  mine v e n t i l a t i o n  p l a n n i n g  and network a n a l y s i s  i s  a r e c e n t  develop-  
ment .  There  h a s ,  however ,  been  a growing awareness  i n  r e c e n t  y e a r s  t h a t  
c e r t a i n  c o n c e p t s  of ne twork  t h e o r y  c a n  be s u c c e s s f u l l y  a p p l i e d  i n  many 
o t h e r  f i e l d s  as w e l l .  It i s ,  t h e r e f o r e ,  n o t  s u r p r i s i n g  t h a t  i n  t h e  las t  
t e n  y e a r s ,  t h e s e  t o o l s  have  found i n c r e a s i n g  a p p l i c a t i o n  i n  mine ven- 
t i l a t i o n  network a n a l y s i s .  

The m a j o r  advance  i n  v e n t i l a t i o n  network a n a l y s i s  i n  t h e  l a s t  decade 
has been ,  t h e r e f o r e ,  t he  development  o f  computer  programs c a p a b l e  o f  de- 
v e l o p i n g  a n d  s o l v i n g  t h e  s y s t e m s  of e q u a t i o n s  d e f i n e d  by t h e  j u n c t i o n  
and p r e s s u r e  l a w s .  E v e r  s i n c e  Hardy-Cross i t e r a t i v e  t e c h n i q u e  (4) was 
a d a p t e d  and m o d i f i e d  by S c o t t  and H i n s l e y  (13) f o r  t h e  s o l u t i o n  o f  
v e n t i l a t i o n  network p r o b l e m s ,  s e v e r a l  programs have  been  developed  t o  
s o l v e  f o r  m i n e  v e n t i l a t i o n  parameters. A b r i e f  d e s c r i p t i o n  o f  most o f  
t h e  q u a n t i t y  f l o w  mine v e n t i l a t i o n  programs i s  p r e s e n t e d  by  Geiger  ( 5 ) .  

METHANE GENERATOR MODELS 

The q u a n t i t y  of  methane emit ted i n t o  t h e  mine atmosphere and t h e  
movement of gas t h r o u g h  s o l i d  c o a l  and t h e  a d j o i n i n g  c o u n t r y  rock  are 
dependent on g a s  e m i s s i v i t y ,  boundary c o n d i t i o n s ,  and t h e  i n i t i a l  gas 
d i s t r i b u t i o n  p r e s s u r e s  and  t h e  combina t ion  o f  n a t u r a l  and mining f a c -  
t o r s .  F u n c t i o n a l  r e l a t i o n s h i p s  between t h e s e  f a c t o r s  are n o t  y e t  
known. Consequent ly ,  t h e  development  o f  r i g o r o u s  m a t h e m a t i c a l  equa- 
t i o n s  t o  s imula t e  methane f l o w  i n t o  t h e  mine a i r  i s  d i f f i c u l t ,  and 

t i o n .  S e v e r a l  r e s e a r c h e r s  i n  many p a r t s  o f  t h e  world have a t t e m p t e d  
t o  q u a n t i t a t i v e l y  d e s c r i b e  t h e  p a t t e r n  o f  g a s  e m i s s i o n  i n  mines a s  
f u n c t i o n s  o f  seam charac te r i s t ics  and t h e  c o n f i n i n g  g a s  p r e s s u r e  (1,2,9), 
none w i t h  comple te  s u c c e s s .  

tc flSt.3, 2" mnlnl hzs h_ccr, r c p o i - t o <  ;;hick* 5 s  o;pa"u;i. of S U C i i  & fuy ,c -  

Thus far ,  e m p i r i c a l  f o r m u l a s  a v a i l a b l e  for t h e  c a l c u l a t i o n  of  gas  
released from underground s o u r c e s  a p p e a r  amenable  t o  a n a l y t i c a l  compu- 
t a t i o n .  These e s t i m a t i o n s  are  a t  b e s t  o n l y  c r u d e l y  approximate .  The 
n u m e r i c a l  methods a v a i l a b l e  have  not  been made p r a c t i c a l  enough f o r  u s e  
i n  t h e  i n d u s t r y .  T h e r e f o r e ,  a r e l a t i o n s h i p  amenable t o  n u m e r i c a l  a n a l y -  
s i s  and p r a c t i c a l  enough f o r  a p p l i c a t i o n  i n  t h e  . i n d u s t r y  would p r o v i d e  
t h e  f l e x i b i l i t y  l a c k i n g  i n  a n a l y t i c a l  a p p r o a c h e s .  The m a t h e m a t i c a l  model 
deve loped  and p r e s e n t e d  by Owil i -Eger  ( 1 0 )  i s  y e t  a n o t h e r  a t t e m p t  t o  
c o r r e l a t e  as many f low g o v e r n i n g  p a r a m e t e r s  i n  a s i n g l e  e q u a t i o n .  T h i s  
mode l  s o l v e s  gas f l o w - r a t e s  i n t o  mine workings  from c o a l  seams and i n -  
t e r v e n i n g  layers of r o c k s  and i s  d e s i g n e d  t o  h a n d l e  o n l y  two d i m e n s i o n a l  
s t e a d y  s ta te  f low s y s t e m s .  It r e p r e s e n t s  a modifaed gas d i f f u s i o n  sys tem 
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fo r  f low t h r o u g h  porous  media.  Mathemat ica l  c o n s i d e r a t i o n s  and d e r i v a -  
t i o n  O f  t h e  f low e q u a t i o n  are  p r e s e n t e d  i n  t h e  r e f e r e n c e .  

I 

V a r i o u s  i n v e s t i g a t o r s  have  shown t h a t  t e m p e r a t u r e  a l s o  a f f e c t s  t h e  
ra te  of g a s  f l o w .  However, a t  t e m p e r a t u r e s  u s u a l l y  e n c o u n t e r e d  i n  mines,  
methane h a s  a v e r y  low r a t e  of d i f f u s i o n .  A s  l o n g  as s h a l l o w  d e p o s i t s  
a r e  b e i n g  e x t r a c t e d ,  t h e  e f f e c t  of t e m p e r a t u r e  on t h e  r a t e  of g a s  flow 
w i l l  r emain  i n s i g n i f i c a n t .  A t  g r e a t  d e p t h  where r o c k  t e m p e r a t u r e  w i l l  
be  h i g h ,  t e m p e r a t u r e  w i l l  a f f e c t  f l o w r a t e  o f  g a s  and has t o  be  c o n s i d e r e d .  
The c h e m i s t r y  of multi-component mul t i -phase  systems h a s  a l s o  been  con- 
s i d e r e d  i n  a r e c e n t  r e p o r t  on methane f low m o d e l l i n g  ( 1 2 ) .  It h a s  been 
p o i n t e d  o u t  t h a t  t h e  p r e s e n c e  o f  water a f f e c t s  t h e  m i g r a t i o n  c h a r a c t e r -  
i s t i c s  of methane i n  c o a l  seams even  though t h e  two f l u i d s  a r e  s a i d  t o  
be  c h e m i c a l l y  u n r e a c t i v e .  

HEAT A N D  H U M I D I T Y  CONTROL 

Temperature  and humidi ty  c o n t r o l  i s  i m p o r t a n t  i n  t h e  f a c e  a r e a ,  o r  
more g e n e r a l l y ,  any a c t i v e  s e c t i o n  of t h e  mine where men a r e  exposed  t o  
t h e  environment  f o r  as l o n g  as  a s h i f t .  F a c t o r s  t h a t  a f f e c t  t h e  tempera-  
t u r e  of t h e  v e n t i l a t i n g  a i r  i n  s u c h  areas are t h e  p r e s e n c e  of men and 
machines ,  t h e  t e m p e r a t u r e  o f  t h e  incoming a i r ,  c h e m i c a l  o x i d a t i o n  of 
c o a l ,  e v a p o r a t i o n  of water which may e x t r a c t  p a r t  of t h e  l a t e n t  h e a t  
from the  a i r  and t h e  h e a t  t r a n s f e r  from t h e  s u r r o u n d i n g  s t r a t a .  T h i s  
las t  f a c t o r  i s  v e r y  s i g n i f i c a n t  e s p e c i a l l y  i n  deep  mines where wa l l  
r o c k  t e m p e r a t u r e  i s  much h i g h e r  t h a n  t h a t  o f  t h e  incoming v e n t i l a t i o n  
s t r e a m .  I n  t h e  U . S .  c o a l  mines t o d a y ,  r i s e  i n  t e m p e r a t u r e  and humidi ty  
as a r e s u l t  of  heat t r a n s f e r  from t h e  wall r o c k  i s  n o t  s i g n i f i c a n t  be- 
c a u s e  c o a l  seams b e i n g  mined p r e s e n t l y  are v e r y  s h a l l o w  - l e s s  t h a n  
1500  f e e t .  However, t h e s e  c o a l  r e s e r v e s  a r e  b e i n g  d e p l e t e d  at  a v e r y  
f a s t  r a t e .  It i s  o n l y  l o g i c a l  t o  s a y  t h a t  o p e r a t i o n  a t  g r e a t  d e p t h  i n  
t h e  n e a r  f u t u r e  i s  i n e v i t a b l e .  I n  deep  m e t a l  mines ,  h e a t  t r a n s f e r  from 
t h e  e n c l o s i n g  s t r a t a  can  be s i g n i f i c a n t  and ,  c o n s e q u e n t l y ,  t e c h n i q u e s  
f o r  p r e d i c t i n g  a i r  t e m p e r a t u r e s  have been d e v e l o p e d .  The f i r s t  r e -  
qu i rement  i n  m a t h e m a t i c a l l y  f o r m u l a t i n g  h e a t  t r a n s f e r  problems i s  know- 
l e d g e  o f . t h e  t h e r m a l  p r o p e r t i e s  o f  t h e  s t ra ta  s u r r o u n d i n g  t h e  roadway 
o r  model area.  J o n e s  ( 7 1 ,  J o r d a n  ( 8 1 ,  and P a u l i n  (11) have p r e s e n t e d  
d e t a i l s  of m a t h e m a t i c a l  c o n s i d e r a t i o n s  which can  b e  t a k e n  t o  e s t i m a t e  
such  p a r a m e t e r s  i f  t h e  thermal  h i s t o r y  of  t h e  r e g i o n  i s  unknown. Ex- 
t e n s i v e  work i n  t h i s  a r e a  i s  r e p o r t e d  i n  S o u t h  A f r i c a  and i n  J a p a n ,  
Amano and Shigeno ( 3 )  and Vance and Kathage ( 1 5 ) .  

DUST I N  COAL MINES 

microns  (1 micron = 10-$cm) which become a i r b o r n e  when d i s s e m i n a t e d .  
During t h e  c o a l  winning  p r o c e s s ,  d u s t  i s  i n e v i t a b l y  g e n e r a t e d  by t h e  
mining  machines .  T r a n s f e r  p o i n t s  and t r a n s p o r t  s y s t e m s ,  and h i g h  a i r  
v e l o c i t i e s ,  c o n t r i b u t e  t o  t h e  d u s t  problem i n  t h e  mine roadways.  I n -  
a d e q u a t e  s u p p r e s s i o n  of c o a l  d u s t  can l e a d  t o  e x p l o s i o n  h a z a r d s  and 
t h e  c o a l  w o r k e r s '  pneumoconiosis .  Pneumoconiosis  i s  supposed  t o  b e  
caused  by t h e  i n h a l a t i o n  of r e s p i r a b l e  c o a l  d u s t  ( -10 m i c r o n )  f o r  ex-  
t e n d e d  p e r i o d s  o f  t i m e .  

I n  a d d i t i o n  t o  t h e  human s u f f e r i n g ,  c o s t  of compensa t ing  pneumo- 
c o n i o s i s  v i c t i m s  i s  h i g h .  For example,  i n  t h e  f i s c a l  y e a r  1972, t h e  
Department of HEW p r o v i d e d  $384 m i l l i o n  for  t h i s  c a u s e  which marked an 
i n c r e a s e  o f  $142 m i l l i o n  o v e r  t h e  1971 budget  ( 1 4 ) .  T h i s  c o s t  i s  e x p e c t e d  

Coal  d u s t  i s  d e f i n  d as any s o l i d  c o a l  p a r t i c l e s  s m a l l e r  t h a n  1 0 0  

'\ 
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t o  r i s e  even more s t e e p l y  i n  t h e  n e x t  few y e a r s  as more and more c o a l  
workers  become e l i g i b l e  f o r  compensa t ion  b e n e f i t s .  

I n  t h e  l i g h t  of  economics o f  r e m e d i a l  a c t i o n s  due t o  d u s t  h a z a r d s ,  
t h e  p r e d i c t i o n  o f  d u s t  c o n t e n t  i n  a i r  i s  v e r y  n e c e s s a r y  from h e a l t h  a n d  
s a f e t y  p o i n t s  of  v i e w .  The amount o f  c o a l  d u s t  d e p o s i t e d  a l o n g  t h e  mine 
roadways i s  of  paramount  i m p o r t a n c e  b e c a u s e  i t  s e r v e s  as t h e  a s s e s s m e n t  
o f  t h e  d u s t  e x p l o s i o n  h a z a r d ,  and it c a n  be used  t o  c a l c u l a t e  t h e  amount 
o f  i n c o m b u s t i b l e  d u s t  r e q u i r e d  f o r  r o c k - d u s t i n g .  Mechanisms of  d u s t  
d e p o s i t i o n  and q u a n t i t y  e s t i m a t i o n s  have been  d i s c u s s e d  a t  l e n g t h  ( 5 ) .  
Two p r o c e s s e s  have  been employed t o  c o n t r o l  d u s t  l e v e l s  a t  t h e  working 
f a c e .  These a r e  1) water s p r a y s ,  and 2 )  f a c e  v e n t i l a t i o n  t o  r e d u c e  t h e  
c o n c e n t r a t i o n  o f  r e s p i r a b l e  c o a l  d u s t .  Although water s p r a y s  r e d u c e  
d u s t  l o a d  handled  b y  v e n t i l a t i o n  s y s t e m s ,  t h e  c u r r e n t  s p r a y  t e c h n i q u e s  
are n o t  e f f e c t i v e  i n  t h e  c o n t r o l  of r e s p i r a b l e  d u s t  ( 5 ) .  C u r r e n t l y ,  
f a c e  v e n t i l a t i o n  i s  t h e  most commonly used p r o c e d u r e .  

A d u s t  c o n t r o l  program s h o u l d ,  t h e r e f o r e ,  be a b l e  t o  d e a l  e f f e c t i v e l y  
w i t h  b o t h  t h e  f i n e  and u l t r a - f i n e  d u s t  s i z e s .  Work i n  t h e  a r e a  o f  d u s t  
c h a r a c t e r i z a t i o n ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  s i z e - c o n s i s t ,  chemi- 
c a l  p r o p e r t i e s  i s  r e p o r t e d  ( 1 4 ) .  Under t h e  Coal  Mine H e a l t h  and S a f e t y  
Act of 1969 ,  r e s e a r c h  on  d u s t  c o n t r o l  h a s  a c c e l e r a t e d .  

H A Z A R D S  FROM DIESEL EQUIPMENT 

The p r i n c i p a l  h a z a r d s  o f  u s i n g  d i e s e l s  underground have been i d e n t i -  

1) The t r a n s p o r t a t i o n  and s t o r a g e  of a h i g h l y  flammable and 
v o l a t i l e  f u e l  w i t h  r e s u l t a n t  h a z a r d s  o f  f i r e  and/or  e x p l o s i o n s .  

2 )  Unheal thy c o n d i t i o n s  c a u s e d  by t h e  d i s c h a r g e  o f  t o x i c  sub-  
s t a n c e s  f rom t h e  e n g i n e  e x h a u s t .  

3 )  I g n i t i c n  of f lammable a tmospheres  b y  h o t  s u r f a c e s  of  t h e  
e n g i n e ,  s u c h  as e x h a u s t  m a n i f o l d  or by b u r n i n g  p a r t i c l e s  
o f  c a r b o n  from the  e x h a u s t  gas. 

It has been l o n g  e s t a b l i s h e d  from e n g i n e e r i n g  t e s t s  t h a t  d i e s e l  
e x h a u s t  q u a n t i t i e s  are r e l a t e d  t o  d i s p l a c e m e n t  and  speed  c h a r a c t e r i s t i c s  
o f  t h e  e n g i n e ,  t h e  d e s i g n  of t he  e n g i n e ,  and t h e  f u e l - a i r  r a t i o  needed 
t o  produce  u s e f u l  power.  It has a l so  been r e c o g n i z e d  t h a t  d i e s e l s  under  
p r o p e r  c o n t r o l  produce  o n l y  minor  amounts o f  t o x i c  and n o x i o u s  fumes a l -  
though t h e r e  i s  a n  i r r e d u c i b l e  l i m i t .  f'o? the ~ x h r ~ n ~ t  g z s e s .  T t c  c x -  
t a m i n a n t s  t h a t  are r e l e a s e d  i n t o  t h e  mine a tmosphere  must be d i l u t e d  
i m m e d i a t e l y  t o  minimize  l o c a l  c o n c e n t r a t i o n s .  F u r t h e r m o r e ,  s i n c e  mul- 
t i p l e  u n i t s  u s u a l l y  w i l l  b e  o p e r a t i n g  i n  t h e  same a i r  stream, t h e r e  i s  
a c u m u l a t i v e  e f f e c t  on contaminant  c o n c e n t r a t i o n s .  The r a t e  of con- 
t a m i n a t i o n ,  t h e r e f o r e ,  i s  r e l a t e d  t o  t h e  volume and v e l o c i t y  of t h e  
v e n t i l a t i n g  a i r ,  f r e q u e n c y  and d u r a t i o n  of  e n g i n e  o p e r a t i o n s ,  and en- 
g i n e  l o a d  and l o c a t i o n .  V e n t i l a t i o n ,  i n  a d d i t i o n ,  a f f e c t s  t h e  r a t e  a t  
which t h e  c o n t a m i n a t i o n  moves t h r o u g h  t h e  workings .  Because o f  Threshold  
L i m i t  Values  (TLVs)  and e x c u r s i o n  r a t e s  a l l o w e d  on some o f  t h e  contam- 
i n a n t s  , t h e  c a l c u l a t i o n s  f o r  v e n t i l a t i o n  r e q u i r e m e n t s  must t a k e  i n t o  
a c c o u n t  t h e  time v a r i a n t  c h a r a c t e r i s t i c s  of t h e  contaminant  c o n c e n t r a -  
t i o n s  and average  them o v e r  t h e  e n t i r e  o p e r a t i n g  p e r i o d  o f  t h e  mine. 
The o b j e c t i v e  of a r e s e a r c h  program a t  Penn S t a t e  i s  t h e  development  o f  
a d i g i t a l  s i m u l a t i o n  model  t o  s t u d y  t h e  e f f e c t  of u s i n g  d i e s e l s  under-  
ground on mine v e n t i l a t i o n  s y s t e m s  ( 1 6 ) .  

f i e d  as: 
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SUMMARY 

\ I n  i t s  most e l e m e n t a r y  form,  c o a l  min ing  is materials h a n d l i n g  and 
c o n s i s t s  o f  removing i n - s i t u  c o a l  f rom m u l t i p l e  mine o r i g i n s  t o  f i n a l  
d e s t i n a t i o n s .  There  a r e  c e r t a i n  s p e c i a l  e n v i r o n m e n t a l  c o n s i d e r a t i o n s  
p e c u l i a r  t o  underground mining .  These i n c l u d e  t h e  problems of t o x i c ,  
n o x i o u s ,  and e x p l o s i v e  a tmospheres  caused  by g a s e s  and d u s t .  A funda-  
m e n t a l  o b j e c t i v e  of a mine v e n t i l a t i o n  s y s t e m  i s  t o  s u p p l y  t h e  mine e n -  
v i ronment  w i t h  a n  a d e q u a t e  q u a n t i t y  of uncontaminated  f r e s h  a i r  t o  d e a l  
w i th  t h e  c o n t r o l  o f  r e s p i r a b l e  and e x p l o s i v e  c o n t a m i n a n t s  and  t o  Pro-  
v i d e  f o r  t h e  h e a l t h  and s a f e t y  of t h e  workmen. T h i s  p a p e r  has b r i e f l y  
rev iewed some r e c e n t  r e s e a r c h  programs p r e s e n t l y  underway i n  t h e  mine 
v e n t i l a t i o n  a r e a .  

It i s  d i f f i c u l t  t o  q u o t e  a n  a v e r a g e  c u b i c  f e e t  p e r  m i n u t e  v e n t i l a -  
t i o n  f i g u r e  f o r  c o a l  mines .  The weighted  f i g u r e  i s  unknown and r e a l l y  
h a s  no s i g n i f i c a n c e .  However, i n  a modern c o a l  mine, f o r  e a c h  t o n  o f  
c o a l  produced e a c h  d a y ,  on a n  a v e r a g e ,  4-6 t o n s  of  a i r  i s  c i r c u l a t e d .  
S i m i l a r l y ,  c o s t  f i g u r e s  a r e  very  d i f f i c u l t  t o  o b t a i n  from t h e  i n d u s t r y  
because  of  t he  c o n c e r n  f o r  r e l e a s i n g  p r o p r i e t a r y  i n f o r m a t i o n .  A l s o ,  
a c c o u n t i n g  p r i n c i p l e s  v a r y  from one mine t o  a n o t h e r  t o  make comparisons 
l ess  meaningfu l .  However, as  a t y p i c a l  f i g u r e  f o r  a group of mines ,  
o p e r a t i n g  c o s t s  are  156 p e r  t o n  and c a p i t a l  c o s t s  2 5 6  p e r  t o n ,  a c c o u n t i n g  
f o r  about  6 1  o f  t h e  t o t a l  c o s t s .  However, t h e  i n d i r e c t  c o s t s  of mine 
v e n t i l a t i o n ,  though d i f f i c u l t  t o  a s c e r t a i n ,  c a n  be q u i t e  h i g h .  Severe  
d i s r u p t i o n  of work and l o s s e s  i n  p r o d u c t i o n  cannot  be r u l e d  o u t .  I n  
any c a s e ,  t h e  end r e s u l t s  of i n a d e q u a t e  c o n t r o l  i n  mine v e n t i l a t i o n  can  
be  sudden and c a t a s t r o p h i c  e . g . ,  e x p l o s i o n s ,  i g n i t i o n s ,  f i r e s ,  s u f -  
f o c a t i o n s ,  e t c .  

Much r e s e a r c h  - t h e o r e t i c a l ,  e m p i r i c a l ,  l a b o r a t o r y ,  and f i e l d  
s t u d i e s  - h a s  been done and i s  b e i n g  done toward t h e  i d e n t i f i c a t i o n  and 
q u a n t i f i c a t i o n  of  t h e  h a z a r d s  posed by  i n a d e q u a t e  v e n t i l a t i o n .  Model 
s t u d i e s  of g a s  and h e a t  f low problems p r o v i d e  t h e  n e c e s s a r y  i n p u t  para-  
m e t e r s  t o  s o p h i s t i c a t e d  q u a n t i t y  and q u a l i t y  c o n t r o l  models .  Research 
e f f o r t s  are  a l s o  aimed a t  t h e  d e t e r m i n a t i o n  o f  s u i t a b l e  p a r a m e t e r s  f o r  
p r o c e s s  c o n t r o l ,  t h e i r  r a n g e  o f  o p e r a t i o n s ,  t h e  development  of remote  
s e n s i n g  and m o n i t o r i n g  equipment ,  c h o i c e  of m o n i t o r i n g  s i t e s ,  e t c .  I n  
t h e  f u t u r e ,  i t  i s  n o t  d i f f i c u l t  t o  f o r e s e e  a h i g h l y  s e n s i t i v e  m o n i t o r i n g  
sys tem coupled  t o  computers  t h a t  a r e  programmed f o r  a u t o m a t i c  c o r r e c t i v e  
a c t i o n .  
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Respiratory Pro tec t ion  and Respirable Dust 
i n  Underground Coal Mines 
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I. INTRODUCTION 

During the  pas t  s eve ra l  years ,  and e spec ia l ly  as a r e s u l t  of t h e  enactment of 
t h e  Federal  Coal Mine Health and Safety Act of 1969, much a t t e n t i o n  has  been 
focused on r e sp i r ab le  coa l  dus t  and var ious  means of preventing the  inha la t ion  of 
such d u s t ,  including t h e  use of dus t  r e sp i r a to r s .  

The use  of r e sp i r a to r s  i n  coa l  mines i s  ce r t a in ly  not  new and, i n  f a c t ,  
almost 40 years ago t h e  Bureau of Mines f i r s t  es tab l i shed  performance requirements 
under Schedule 21(1).* 
usage of r e sp i r a to r s  i n  t h e  f i e l d  and, importantly,  there  w a s  no information on 
how e f f e c t i v e  a r e  dus t  r e sp i r a to r s  under a c t u a l  working conditions.  Consequently, 
t h e  National I n s t i t u t e  f o r  Occupational Safety and Health sponsored a research  
p ro jec t  wi th  Eastern Associated Coal Corp., with t h e  Harvard School o f  Publ ic  
Health a c t i n g  a s  a subcontractor.  The th ree  major ob jec t ives  o f  t h i s  pro jec t  
were: 

However, t he re  was l i t t l e  information ava i l ab le  about t h e  

a. To determine, by means of a f i e l d  survey, t h e  cur ren t  s t a t u s  o f  r e sp i r a to r  
usage wi th  regard t o  duration and frequency of use ,  types, dnd maintenance 
levels. 

To determine pro tec t ion  f a c t o r s  provided by r e s p i r a t o r s  worn by working 
miners. 

b. 

c. To make recommendations on ways t o  improve ex i s t ing  u n i t s ,  o r  on research 
needed t o  develop new types of r e sp i r a to ry  p ro tec t ive  devices f o r  coa l  
miners. 

11. FIELD SURVEY 

A f i e l d  survey (z), which w a s  ca r r i ed  out  i n  1970 and 1971, involved v i s i t s  
t o  47 mines and interviews wi th  511 supervisory and underground mining personnel;  
personnel interviewed included representa t ion  of a l l  of t h e  major job  c l a s s i f i ca -  
t i o n s  found i n  underground mining operations.  

Resul t s  from t h i s  survey showed not  only was t h e r e  r a t h e r  widespread 
possession and usage of dus t  r e sp i r a to r s  (a small  percentage of which, inc identa l -  
l y ,  were not  Bureau of Mines approved) but t h e  working miners expressed s t rong  
sentiments f o r  t h e  need f o r  use of r e sp i r a to r s ,  Table I. 

*Underlined numbers i n  parentheses r e f e r  t o  re ferences  a t  t h e  end of t h i s  paper. 



166 

TABLE I. Need f o r  Use of Respi ra tors  i n  Coal Mines 

Percent 
of Underground Work Force* 

Generally Needed 42 
Used Whenever Dust i s  Present 45 
Used Only When Necessary 4 
Needed, but a r e  Hard t o  Wear a 
Prevent Dust t o  Make Usage Unnecessary 1 

*428 people i n  var ious  job  c l a s s i f i c a t i o n s ,  
p lus  1 7  Section Foremen 

I t  was a l so  found t h a t  v i r t u a l l y  a l l  coa l  miners use  r e sp i r a to r s  on an inter-  
mi t ten t  bas i s ,  i .e . ,  pu t t ing  the  r e sp i r a to r  on and tak ing  i t  of f  a varying number of 
times during a work s h i f t .  Based on in te rmi t ten t  use ,  a s i g n i f i c a n t  number of 
miners found the  p re sen t ly  ava i l ab le ,  approved r e sp i r a to r s  t o  be only marginally 
acceptable OK unacceptable,  Table 11. 

TABLE 11. Respirator Acceptabili ty Based on In te rmi t ten t  Use 

Percent 

Completed 
Generally 
Marginally 
Unacceptable 

of Underground Work Force* 
2 

64 
24 
10 

*See Note on Table I. 

Major complaints about cur ren t  dus t  r e sp i r a to r s  i n  use could be placed i n  
two ca tegor ies ,  namely, b rea th ing  d i f f i c u l t i e s  and physical discomfort, Table 111, 
and, consequently, t h e  miners want r e s p i r a t o r s  t h a t  a r e  more  comfortable and 
provide eas i e r  brea th ing ,  Table I V .  

TABLE 111. Problems Associated with Respirator Use 

Cause Breathing D i f f i c u l t i e s  

Phys ica l  Discomfort 
Generally Cumbersome and Uncomfortable 
Cause Pe r sp i r a t ion  
I n t e r f e r e  with Tobacco Chewing 
Troublesome Head Harness 
Respirator Too Large 
Facepiece Troublesome 
Dust Ins ide  Mask 
Improper F i t  

Res t r i c t s  Vision o r  I n t e r f e r e s  

Exhalation Valve Troublesome 
I n t e r f e r e s  with Communications 
D i f f i c u l t  t o  Carry 

*See note on Table I. 

In te r fe rence  with Work 

w i t h  Wearing Glasses 

Percent 

37 
of Underground Work Force* 

55 
13 

9 
9 
7 
6 
5 
5 
1 

5 
9 

i 

2 
1 
1 



167 

TABLE N. Improvements i n  Respirators Desired by Mining Personnel 

Improvements 

Eas ie r  Breathing 
Comfortable Facepiece 
Smaller Unit 
Comfortable Head Harness 
Lighter  Unit 
Be t t e r  F i l t e r  
Be t t e r  Valves 
Eas ie r  t o  Carry 

Educate Men t o  Use Them 
Cannot Be Improved 
Do Not Know 

Percent 
of Underground Work Force* 

A 

19 
12 
11 
11 
6 
5 
2 
1 

3 
2 

28 
100 

- 

- 

B** 

20 
18 
16 
16  
9 
7 
4 
2 

- 

- - 
100 

* See Note on Table I. 

** Percentage Recomputed from P a r t  A by e l imina t ing  l a s t  t h ree  items i n  Pa r t  A.  
Fur ther  information on r e s u l t s  of t he  f i e l d  survey have been reported else- 
where. (2)  

111. PROTECTION FACTORS 

1. General 

A s  mentioned previously,  t he  f i e l d  survey revealed t h a t  v i r t u a l l y  a l l  under- 
ground miners wear r e sp i r a to r s  only on an in t e rmi t t en t  bas i s .  This,  coupled 
with the  f a c t  t h a t  t he  accumulated exposure of miners t o  r e sp i r ab le  coa l  dus t  is 
considered t o  be of importance with respect t o  the  incidence of coa l  workers 
pneumoconiosis, indicated two pro tec t ion  f ac to r s  should be determined. One 
pro tec t ion  f a c t o r ,  e n t i t l e d  "Effective Pro tec t ion  Fac tor  (EPF), represents  t h e  
amount of pro tec t ion  obtained by workigg coa l  miners over t h e  e n t i r e  work s h i f t  
when the  r e s p i r a t o r s  a r e  used in t e rmi t t en t ly  and worn according t o  the  miner ' s  
t r a in ing  and work hab i t s .  Therefore, EPF w a s  determined, i n  the  f i e l d ,  by 
sampling separa te ly ,  bu t  concurrently,  t he  ambient a i r  and the  a i r  i n s ide  t h e  
r e s p i r a t o r  facepiece; over the e n t i r e  working s h i f t  t h e  concentration of res- 
p i r ab le  dus t  was determined f o r  each sample. EPF was ca lcu la ted  as follows: 

where: 

EPF = Effec t ive  Pro tec t ion  Factor , 
DCA Dust Concentration i n  t h e  mine a i r  

DG = Dust Concentration i n  t h e  a i r  i n  the  r e s p i r a t o r  
mask. 
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Since  sampling was done over t h e  e n t i r e  working s h i f t  both DCA and Ix+, a r e  
time weighted average concent ra t ions  of r e sp i r ab le  dust .  

While EPF  represents  t h e  pro tec t ion  provided t o  t h e  working coa l  miner, 
it does not t e l l  how much p ro tec t ion  is provided by the  half-mask r e s p i r a t o r  when 
t h e  r e sp i r a to r  is a c t u a l l y  worn. Consequently, True Protection Factor (TPF), 
which is defined a s  t h e  amount of pro tec t ion  the  use r  receives when he is 
a c t u a l l y  wearing the r e s p i r a t o r  and i n  accordance with the  manufacturer 's  
i n s t ruc t ions ,  w a s  determined by sampling separa te ly  but  concurrently t h e  
ambient air and a i r  i n s ide  t h e  facepiece only when t h e  r e s p i r a t o r  was worn; 
r e sp i r ab le  dus t  concent ra t ions  were determined f o r  both samples. TPF was 
ca lcu la ted  as  follows: 

TPF= 2 
DCR 

where: 
TPP = True Pro tec t ion  Factor 
DGS = Dust Concentration i n  the  Mine A i r  i n  t h e  

Vic in i ty  of Miner wearing the r e s p i r a t o r  
DCR = Dust Concentration in the  a i r  inside the  

r e s p i r a t o r  facepiece.  

2. Equipment and Procedure: 

a .  Equipment 

For determining EPF's, mine a i r  sampling was done with conventional 
personal mass r e s p i r a b l e  sampling equipment (2) i n  use throughout the c o a l  
indus t ry .  A i r  i n s i d e  the  facepiece of t he  r e s p i r a t o r  was sampled using the  
same mass re sp i r ab le  sampling equipment, Figure 1, with the  cyclone mounted 
on the  r e sp i r a to r  and connected t o  a sampling p o r t  i n s ide  the r e s p i r a t o r  (4). 
Also, located in s ide  the  facepiece ,  Figure 2, was a thermistor which is a par t  
of a time-of-wearing device (ft) t h a t  was used t o  determine the amount of time t h e  
r e s p i r a t o r  was a c t u a l l y  worn. 

I n  the  case  of TPF, sampling of the mine a i r  and the  a i r  i n  t h e  mask was 
done using two GCA RDM-101 Respirable Dust Monitors (5) both equipped wi th  the 
same l h  AEC Cyclone as used with the personal samplers. Figure 3 shows the 
sampling equipment in a c t u a l  use underground. 
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FIGURE 1 - TEST SUBJECT WEARING SAMPLING EQUIPMENT 

I 



170 

FIGURE 2 - INSIDE OF RESPIRATOR FACEPIECE SHOWING THERMISTOR 



FIGURE 3 - TRUE PROTECTION FACTORS SAMPLING EQUIPMENT 

\ 

I 
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b . Procedures 

For EPF's, a i r  and i n  mask sampling was done from the  time e a & . t e s t  
subjec t  miner s t a r t e d  work u n t i l  work ceased a t  the end of the s h i f t ,  bxcept 
f o r  t he  lunch period. As shown in Table V ,  t e s t i n g  was done i n  f i v e  d iPferen t  
mines and involved 208 man s h i f t s  and 13 d i f f e ren t  job c l a s s i f i c a t i o n s ,  mwtly 
those a t  the working face.  F ive  d i f f e r e n t  models of r e s p i r a t o r s  were used. 

TABLE V. Scope of Testing - Effec t ive  Pro tec t ion  Factor 

No. of Mines 

Days of Tes t ing  

Man S h i f t s  of Tes t ing  

Test Subjects (by job c l a s s i f i c a t i o n )  

Continuous Mining Machine Operator 
Continuous Mining Machine Helper 
Loading Machine Operator 
Roof Bo l t e r  
Shu t t l e  Car Operator 
Bratticeman 
Cutting Machine Operator 
Coal D r i l l e r  
Longwall Machine Headgate Operator 
Longwall Machine T a i l  Operator 
Longwall Machine Jack Machine Operator 
Safety Technician 
Rock Duster 
Research Inves t iga tor  

Tota l  

5 

26 

2 08 

Number 

5 
1 
6 
3 
7 
2 
2 
2 
1 
1 
2 
4 
8 
1 

45 

For t h e  TPF, 8 d i f f e r e n t  face miners and one research engineer were used a s  
t e s t  subjects .  These people, which included 6 d i f f e r e n t  job c l a s s i f i c a t i o n s  of 
face miners, represented 8 d i f f e r e n t  f a c i a l  s i ze s  a s  c l a s s i f i e d  by the  system s e t  
f o r t h  by Hyatt , et a1 (a); a diagram of  t h i s  system i s  shown i n  Figure 4. 
Each of t he  t e s t  sub jec t s  wore  5 d i f f e r e n t  r e s p i r a t o r  models over a 3 day period. 
During t h e  period each r e s p i r a t o r  was worn, four  sampling runs, each of four  
I I I I I IULCD duiai iun,  were made i n  wnich the mine a i r  i n  t e s t  sub jec t s '  breathing 
zones and the a i r  i n s ide  the  r e s p i r a t o r  facepiece were sampled concurrently.  

-,--. .._ - 

3. Results 

While a l l  of the d a t a  have been obtained, t he  analyses of the da t a  had not 
been completed a t  the time t h i s  manuscript w a s  prepared; consequently t h i s  should 
be considered i n  the  na tu re  of a progress report .  

The d i s t r i b u t i o n  of EPF 'S  f o r  a l l  the  t e s t  subjec ts  who were f ace  miners is 
shown i n  Figure 5 and, s imi l a r ly ,  the d i s t r i b u t i o n  f o r  TW's  is s h m  i n  Figure 6. 
Some in t e re s t ing  d i f f e rences  can be observed. 
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DISTRIBUTION OF PROTECTION FACTORS 
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For t h e  EPF's, values ranged from less than  one t o  a s  high as 40 and above; 

While i t  may seem su rp r i s ing  t h a t  on occasion a r e s p i r a t o r  
however, most of t he  values were i n  the one t o  fou r  range. 
16, were l e s s  than 1.0. 
u se r  i s ,  e i t h e r  ge t t i ng  no pro tec t ion  a t  a l l  o r  i s  possibly inha l ing  more r e sp i r ab le  
dus t  than is  present i n  t h e  ambient a i r ,  f i e l d  observations ind ica t e  such is the case.  
For example, it i s  q u i t e  poss ib le  t h a t  r e sp i r ab le  dus t  co l lec ted  on the  miner ' s  c lo thes  
could be brushed off o r  knocked loose and be co l l ec t ed  i n  the  mask, which was worn 
hanging loose on the  wearer ' s  ches t ,  thereby c rea t ing  the  higher dus t  concentrations 
found i n  the  mask. 

Of t h e  151 values obtained, 

Unlike the  EPF 'S ,  t h e  TPF's showed a reasonably normal d i s t r i b u t i o n  and with 
l i t t l e  d i f fe rence  between mean and median values.  

As s h a m  i n  Figure 7 ,  during the  EPF test work the  time the  r e s p i r a t o r s  were 
ac tua l ly  worn during the  work period by t h e  test subjec ts  varied from a l o w  of about 
10 percent of t he  time t o  almost 90 percent;  t he  mean average was about 46 percent 
of t h e  time. 
of time t h e  r e s p i r a t o r  i s  ac tua l ly  worn and the  l e v e l ,  o r  e f f ec t iveness ,  of t h e  pro- 
t e c t i o n  obtained; i n  o the r  words, the  longer t h e  r e s p i r a t o r  is worn, t h e  b e t t e r  the  
pro tec t ion  (h igher  EPF) obtained. However, so f a r  we have found no r e l a t ionsh ip  t o  
e x i s t  between the  time t h e  r e s p i r a t o r  was worn and the  pro tec t ion  obtained. 
suggests t he re  are probably o the r  f ac to r s  t h a t  obvia te  the e f f e c t  of time of wearing. 

It might be expected t h a t  a r e l a t ionsh ip  should e x i s t  between the  length 

This 

Test r e s u l t s  f o r  t he  f i v e  d i f f e r e n t  models of r e sp i r a to r s  t e s t ed  ( f o r  EPF) 
i s  shown i n  Table V I .  It should be noted t h a t  t he  da ta  shown include some very 
high values and values,  a s  mentioned previously,  where the  EPF i s  l e s s  than 1.0. 
Both can, of course,  influence the  mean average and, consequently, t he  median value 
i s  a l s o  shown. Although we have not  completed a s t a t i s t i c a l  analyses of t he  d a t a ,  
i t  does appear there  a r e  d i f fe rences  among the  r e sp i r a to r s  t e s t ed  with r e s p i r a t o r s  
B and E being less e f f ec t ive  than the  o the r s .  

TABLE V I .  Comparison of Di f fe ren t  Respirator Types Tested 

Respirator No. of Test Subjects Ef fec t ive  Pro- 
t e c t i o n  Fac tor  

(EPF) . .  
Model Mean Avg. Median 

A 8 4.9  3 . 4  

11 
11 
6* 
4 

5.0 2 . 6  
6.8 3 . 7  
8.5 3.9 
3 . 2  2 . 0  

* Actually 3 d i f f e r e n t  t e s t  sub jec t s .  

The TPF's obtained f o r  t he  same f i v e  r e s p i r a t o r s  i s  given i n  Table V I I .  
While, i n  each case,  t he  TPF obtained was subs t an t i a l ly  higher than the  EPF, the  
TPF is s t i l l  somewhat l e s s  than t h a t  t h e o r e t i c a l l y  poss ib le  based on f i l t e r  
e f f i c i enc ie s .  
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TABLE VII. Comparison of Di f fe ren t  Resoirator Models 

True Pro tec t ion  
Fac tor  (TPF) 

Respirator No. of Test Subjects Mean Avg. Median Avg. 

11.1 10.6 

9.2 8 .9  
11.4 10.8 

8.7 8 .4  

8.7 8.5 

(Penet ra t ion  of f i l t e r  media by p a r t i c l e s  0.8 t o  1 .0  micron i n  s i z e  is usua l ly  l e s s  
than 4 percent.)  We f e e l  t h i s  loss i n  r e s p i r a t o r  e f fec t iveness  i s  pr imar i ly  caused 
by the  lack of an idea l  f i t  o r  s e a l  between the  facepiece and the  s u b j e c t ' s  face .  
Not only i s  a proper face  seal d is turbed  by f a c i a l  and body movement, bu t  undoubt- 
edly the  f a c i a l  s i z e  and shape a f f e c t s  t h e  s e a l  obtained. This i s  ind ica ted  by the 
range of values obtained f o r  t h e  d i f f e r e n t  test  sub jec t s ,  Table VIII, each of whom 
wore a l l  t h e  d i f f e r e n t  r e s p i r a t o r s .  

TABLE VIII. Range of TPF's 

Tes t  TPF* 
Subject H a  

1 2 3  6.6 

13.5 5 . 8  
14.2 4.0 
11.4 8 .2  
15.4 7 .2  
19.5 8 .3  
10.2 6.6 
11.9 9.6 
10.0 5.9 

* Average of four  values obtained f o r  one r e s p i r a t o r  worn. 

It i s  probably t h i s  d i f f i c u l t y  of e a s i l y  achieving and maintaining a good f i t  
and face  seal t h a t  accounts f o r  much of t he  d i f fe rence  between EPF and TPF. In t h i s  
connection and i n  the  case of EPF the  f i t  problem becomes more d i f f i c u l t  because 
miners f ind  it imprac t ica l  t o  wear a two-strap r e s p i r a t o r  head harness i n  t h e  prescribed 
manner. 
below t h e  ea r s .  
research is much needed. In addi t ion ,  t he re  i s  need f o r  b e t t e r  ma te r i a l s  of cons t ruc t ion  
and b e t t e r  desigm which w i l l  provide both a more comfortable r e s p i r a t o r  and be t t e r  
f ace  s e a l .  

Therefore, t he  miners wear the  two straps i n  a s ing le - s t r ap  configuration 
The development of a more appropr ia te  head harness i s  an a r e a  wherein 

\ 
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V. CONCLUSIONS 

1. Half-mask dus t  r e s p i r a t o r s  a r e  i n  general  use i n  underground c o a l  mines and 
working miners f e e l  t he re  is a d e f i n i t e  need f o r  resp i ra tcxypro tec t ive  devices.  

Most miners f e e l  p resent ly  ava i l ab le  approved r e s p i r a t o r s  are acceptable f o r  
i n t e rmi t t en t  use bu t  over a t h i r d  of t he  miners f e e l  t h e  cur ren t  u n i t s  a r e  unacceptable 
o r  marginally acceptab le .  

2 .  

3. Discomfort t o  wear and breathing r e s i s t ance  a r e  c i t e d  by miners a s  t h e  major 
disadvantages of present  day half-mask r e sp i r a to r s .  

4. As used i n  t h e  f i e l d ,  p resent ly  ava i l ab le  r e s p i r a t o r s  provide the  working 
miners a reasonable l eve l  of pro tec t ion  aga ins t  t h e  inha la t ion  of r e sp i r ab le  dus t .  
However, t h e  leve l  of p ro tec t ion  obtained is s i g n i f i c a n t l y  lower than poss ib le  under 
i d e a l  conditions.  
i s  one of t h e  major reasons f o r  reduced pro tec t ion  l e v e l s  under a c t u a l  working condi- 
t ions.  

D i f f i c u l t y  i n  maintaining t h e  proper s e a l  between facepiece and f a c e  

5. There i s  a need f o r  more comfortable r e s p i r a t o r s  with reduced r e s i s t ance  t o  
brea th ing .  
b e t t e r  designs so that a good f i t  between facepiece and f ace  can be  secured and 
maintained with half-mask type r e sp i r a to r s .  

Likewise, t h e r e  is a need f o r  b e t t e r  materials of cons t ruc t ion  and 

6 .  I n  t h e  development of improved r e sp i r a to ry  p ro tec t ive  devices f o r  coal 
m i n e r s  a system approach should be used. 

VI. FURTHER OBSERVATIONS 

It is  evident t h a t  improved r e sp i r a to ry -p ro tec t ive  devices f o r  underground coa l  
miners are needed. In t h e  development and design of such devices,  a systems approach 
should be u s e d  because of t h e  need t o  i n t e g r a t e  pro tec t ion  requirements of d i f f e ren t  
kinds with the  cons t r a in t s  of the  work requirements and work environment. I n  the  case 
of t he  coa l  miner, t h e r e  is, a s  a minimum, a need, a l l  o r  p a r t  of the  t i m e ,  f o r  the  
following, each of which can be considered a system: 

a.  head pro tec t ion  
b. i l lumina t ion  
c .  ,,.,A ...-,...--..J-- -,- ~ . " . S L . A " U  

d. no ise  pro tec t ion  
e.  o the r s ,  e .g . ,  car ry ing  of spec ia l  equipment 

o r  t oo l s  

A t  t he  same time, t h e  miner needs t o  have t h e  maximum amount of mobi l i ty  and the  
work environment o f t en  imposes severe cons t r a in t s  i n  terms of space and s i z e  and 
weight l imi t a t ions .  
and designing improved r e sp i r a to ry  equipment t o  take  i n t o  account t h e  miner 's  need 
fo r  such things as head, eye ,  and noise  pro tec t ion  and i l lumina t ion ,  and t o  
i n t e g r a t e  these systems. 

Consequently, i t  w i l l  be  necessary,  f o r  example, when developing 

An example of t h e  l a c k  of systems approach me t h e  present  d i f f i c u l t i e s  associated 
with r e s p i r a t o r s  with the  two-strap head harness and the  miner 's  use of t he  hard ha t  
(1). Clea r ly ,  such d i f f i c u l t i e s  must be eliminated i n  newer and improved designs. 
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EQUIPMENT MODIFICATION 

FOR INCREASED SAFETY 

Donald G .  Rogich 

Chief,  Division of  Mine S y s t e m s  Engineer ing  
U. S. Depar tment  of the  I n t e r i o r  

B u r e a u  of Mines  

INTRODUCTION 

This paper i s  a progress r epor t  on t h e  work performed t o  da t e  

under the Federa l  Bureau of Mines "Inherently Safe Mining Systems" 

cont rac t .  

The concept of i n i t i a t i n g  a l a r g e  ac t ion-or ien ted  con t r ac t ,  

d i rec ted  towards obta in ing  coal-mining systems with g r e a t l y  improved 

sa fe ty  c h a r a c t e r i s t i c s ,  was conceived by the  Bureau i n  January 1971. 

The concept of working demonstrable systems, r a t h e r  than j u s t  a 

conceptual s tudy ,  was f e l t  to be necessary for  two s i g n i f i c a n t  reasons.  

I n  the development of any new system, t h e  t r a n s l a t i o n  from concept to  

working hardware i s  usua l ly  a cos t ly  and time-consuming process t h a t  

a c t s  as a d e t e r r e n t  t o  implementation. 

mining conrmunity t o  change equipment o r  systems a r e  based on f i r s t -hand  

observation of t h e  new system, i n  opera t iona l  p rac t i ce ,  an a t t i t u d e  

which i s  c e r t a i n l y  understandable i n  view of t h e  high c a p i t a l  cos t s  of 

equipment, 

Second, many dec is ions  i n  the 

Based on a competit ive procurement process,  t h e  Inherent ly  Safe  

Mining Systems c o n t r a c t  was awarded t o  t h e  FMC Corp., San Jose ,  Cal i f . ,  

on June 18, 1971. 

demonstrate s a f e r  mining equipment and procedures t h a t  can be developed 

using ex i s t ing  s t a t e -o f - the -a r t  technology. 

The major goal of t h i s  con t r ac t  i s  t o  develop and 
L 

This program is  aimed a t  demonstrating improved sa fe ty  of operations 

i n  the a rea  from t h e  working face t o  the  f i r s t  po in t  o f  coal  t r ans fe r  

i n  underground bituminous c o a l  mines with seam heights of 4 t o  8 f e e t ,  

w i t h  emphasis placed on the  prevention of f a t a l  and nonfa ta l  acc idents  
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by avoiding, warning, or protecting against the physical hazards of 

machinery and against falls of roof and rib. 

and catastrophes (for example, explosions) are not being directly 

addressed, although procedures and equipment developed for this pro- 

ject will be evaluated to verify that they do not aggravate these 

Long-term health problems 

problms. 

The program is being conducted in three phases. Phase I, which 

has been completed, involved data accumulation and analysis leading to 

problem definition and the development of concepts to alleviate these 

problems. We are currently well into Phase I1 of the program, in which 

all the basic equipment elements are to be procured and modified and 

new equipment fabrications completed. Subsequent portions of this 

paper present the status of these major equipment developments. Phase 

111, the 1-year operational demonstration, is scheduled to begin in 

August of this year for the conventional section and later for the 

continuous section. 

PROBLEM DEFINITION 

A brief review of the magnitude of the safety problem associated 

with those activities within the scope of this program is of interest. 

This work i n  problem definition was performed during the first phase of 

the program and has been reported in detail in a report entitled 

"Accident Analysis by Functional Classification for Bituminous Coal 

Mines in &Foot to 8-Foot Seam Heights." This report was completed on 

I 
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September 11, 1972, and has been placed with the  National Technical 

Information Service.  

Data on f a t a l  and nonfa t a l  acc idents  i n  underground bituminous 

coa l  mines ope ra t ing  i n  4- t o  8- foot  seams w a s  gathered t o  eva lua te  

the problem and to  assist des igners  i n  developing designs f o r  equipment 

and procedures,  which w i l l  reduce the  incidence o f  these  accidents.  

The da ta  was s t ruc tu red  i n  a form t h a t  would i d e n t i f y  -- 
The types  of acc idents  t h a t  a r e  occurring 

The causes  of these  acc idents  

The a spec t s  of t h e  job o r  equipment t h a t  cont r ibu te  t o  these 

acc iden t s  

The n a t u r e  and dura t ion  of t he  hazards t o  which workers a r e  

exposed. 

The f a t a l  acc ident  d a t a  base cons is ted  of 283 acc idents  r e su l t i ng  

i n  302 f a t a l i t i e s .  

Nonfatal  acc ident  da t a  was gathered i n  t h e  f i e l d  from company 

records on f i l e  a t  var ious  mining company o f f i ces .  The s p e c i f i c  

accident in format ion  sources have been masked t o  preserve  t h e i r  

i d e n t i t i e s .  Information on 65 conventional mining sec t ions  and 155 

continuous-mining sec t ions  i s  contained i n  t h e  da ta  base. This sample 

represect. ln,on?,?5? tn ta l  %r!r!?Pl m=n-hnUr_c ir! 4-  '" %foot _cezTs, 

which i s  about 14% of  the  indus t ry  wide t o t a l  annual labor  hours i n  

4- t o  &foo t  seams. 



Table 1 is  an ove ra l l  sumary  of the  frequency and seve r i ty  of 

nonfa ta l  acc idents ,  t he  incidence of f a t a l  acc idents ,  and the  indus t ry-  

wide expectation of l o s t  man-days per year  by system function. 

Worthy of no t i ce  i s  the  t o t a l  of 220,500 estimated man-days l o s t  

each year a s  a r e s u l t  of compensable and noncompensable acc idents .  

This i s  equivalent t o  a labor  force  of approximately 890 men, enough 

men t o  mine coa l  i n  75 t o  90 underground mining sec t ions .  

Table 2 provides information on the  p r inc ip l e  causes of i n ju ry  

f o r  each of t he  major system funct ions .  

Based on t h e  r e s u l t s  of accident s tud ie s  and u n i t  operation 

a n a l y s i s ,  c r i t e r i a  fo r  concepts t o  improve t h e  s a f e t y  o f  t h e  conventional 

and continuous mining systems were developed. 

ava i l ab le  t o  design personnel through acc ident  study conclusions,  

opera t ion  ana lys i s  study conclusions,  and recommended des ign  approaches. 

These c r i t e r i a  were made 

CONVENTIONAL M I N I N G  SYSTEM CONCEPTS 

Work is  progressing on the modi f ica t ion  of equipment f o r  use i n  

t h e  conventional mining sec t ion  demonstration. 

t i ons  planned o r  underway a r e  described i n  the  following sec t ions .  The 

major c m o n  fea tu res  i n  these  modi f ica t ions  are all-arouhd p ro tec t ive  

suspended cabs and improved and standardized con t ro l s .  The cab suspension 

f ea tu re ,  incorporated i n  a va r i e ty  of unique ways on t h e  sec t ion  equip- 

ment, has two advantages: f i r s t ,  i n  t he  event of a major f a l l  t h e  cab 

can d e f l e c t  i n  a cont ro l led  manner t o  enable the  machine frame t o  pick 

The s p e c i f i c  modifica- 
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up a por t ion  of the  load; and secondly, t he  e leva t ion  can be ad jus ted  

t o  ob ta in  the  maximum v i s i b i l i t y  allowable under ex i s t ing  seam height  

and roof conditions.  

Controls on a l l  s ec t ion  equipment have been examined from a human 

engineering cont ro l  func t ion  and consistency viewpoint and s imi l a r  

motions and loca t ions  have been es tab l i shed  t o  the  maximum extent 

poss ib le .  T h i s  was considered to  be of importance i n  view of the  

learning experience requi red  when an opera tor  i s  new t o  a p iece  of 

equipment or is ca l l ed  upon t o  opera te  temporarily a d i f f e r e n t  equipment 

element. It has been shown t h a t  t h i s  l earn ing  experience is  of ten  

a t tendent  with a higher accident r a t e .  

A l l  sec t ion  equipment wi th  the  exception of t h e  DC s h u t t l e  c a r s  

w i l l  employ 950-volt power. 

cable with sa fe ty  grounds without any increase  i n  cable  s i z e  or w e i  h t .  

This penni t s  t h e  u t i l i z a t i o n  of shielded 

SHUTTLE CAR 

Two National Mine Serv ice  Lokar's have been procured and a r e  being 

iden t i ca l ly  modified f o r  t h i s  program. To a la rge  degree,  t he  modifica- 

t ions  being performed iden t i fy  what can be accomplished when s u f f i c i e n t  

space i s  ava i l ab le  on t he  b a s i c  machine. The bas i c  modi f ica t ion  is a 

human engineered swing-around suspended cab. This cab w i l l  e l eva te  or  

depress under power from a nominal 6-inch t o  a maximum of 16-,inch 

ground clearance.  In t he  event of a f a l l ,  t h e  cab w i l l  de f l ec t  t o  the  

f loo r  i n  a cont ro l led  fashion. I 
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The opera tor  is not  requi red  t o  leave  t h e  cab when the  d i r ec t ion  

of s h u t t l e  c a r  travel is  reversed. This i s  accomplished by the  r e l ease  

of an underseat l a t c h ,  powered r o t a t i o n  o f  t h e  cab about an a x i s  near 

t h e  opera tor ' s  cen te r  of g rav i ty ,  and l a t c h  reengagement when r o t a t i o n  

is complete, The con t ro l s  t r a v e l  with t h e  opera tor  and a r e  automatically 

reversed when the  new pos i t i on  is reached. 

automotive-type wheel is always cons i s t en t  with the  d i r e c t i o n  of t r ave l .  

Tram and brake  con t ro l s  are a l s o  cons i s t en t  with automotive p rac t i ce  

and r o t a t e  with t h e  cab. 

S teer ing  by means of an 

Cab s i d e  c l ea rance  i n  the  90' ro t a t ed  pos i t i on  i s  31 inches beyond 

the  outer edge of t h e  ex i s t ing  machine s t ruc tu re .  

pos i t i on ,  cab s i d e  extension i s  4 inches. This was required i n  the 

i n t e r e s t  of a d d i t i o n a l  opera tor  comfort. 

In  t h e  fo re  and a f t  

FACE DRILL 

The f ace  d r i l l  procured f o r  t h i s  program w a s  a Long Airdox model 

TDF-24C. Control modi f ica t ions  w i l l  cons i s t  of a reduction i n  t h e  

number of con t ro l  va lves  by means of combined joys t ick  cont ro ls .  

d r i l l  frame swing and e leva te  cont ro ls  w i l l  be c h b i n e d  a s  w i l l  the  

d r i l l  arm swing and e l eva te  functions thus  reducing the  number of levers  

The 

In the opera tors  compartment. Additionally,  automotive wheel-type 

s t ee r ing  w i l l  be u t i l i z e d ,  t h e  tram and brake cont ro ls  w i l l  remain 

unchanged. An opera to r s  cab similar t o  t h a t  employed f o r  t he  s h u t t l e  

c a r s  w i l l  be  used with a IO-inch nominal ad jus tab le  height.  
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UNDERCUTTER 

The c u t t i n g  machine employed i n  t h i s  system w i l l  be a Joy model 

15RU-6B. 

t he  face  d r i l l  w i l l  be  used. S ince  i n s u f f i c i e n t  space f o r  a s u i t a b l e  

cab ex is ted  on t h e  standard machine, i t  was modified by r e loca t ion  of 

t he  hydraulic tram motor i n  order t o  provide leg  room f o r  the opera tor .  

Joys t ick  boom and bar con t ro l s  and wheel s t ee r ing  s imi l a r  t o  

The machine w i l l  be equipped with forced air  t o  the  end of t he  

c u t t e r  ba r  f o r  s l o t  v e n t i l a t i o n  and water spray nozzles f o r  dus t  

cont ro l .  

LOADING MACHINE 

The loading machine w i l l  be a Joy model 14BU10. Some of t h e  

spec ia l  fea tures  of t h i s  machine a r e  an oblique mounted ope ra to r ' s  cab 

with l imi ted  r e e l  cab le  s torage  and s impl i f ied  cab mounted con t ro l s .  

The ex i s t ing  standard loading machine does not provide s u f f i c i e n t  space 

fo r  i n s t a l l a t i o n  of a cab of adequate dimensions. 

t h i s  space t o  provide a comfortable cab i s  f e l t  to be important s ince  

t h i s  i s  t h e  one loca t ion  where a worker can be pro tec ted ,  and every- 

th ing  poss ib le  should be done t o  make it des i r ab le  and p r a c t i c a l  f o r  

the operator t o  remain i n  t h e  cab. 

The a v a i l a b i l i t y  of 

The cab, a s  configured, w i l l  e l eva te  and depress about a hor izonta l  

p ivot  a t  t he  opera tor ' s  f e e t .  

because of oblique mounting of t h e  cab t o  f a c i l i t a t e  t he  opera tors  view 

of t he  t a i l  b o w  during t h e  loading operation. 

The add i t iona l  s i d e  c learance  was requi red  
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Cable reel storage for approximately 100 feet of cable will be 

provided in the rear of the operator's cab. 

controlled by a cab-mounted, foot-operated valve, should ease the cable 

handling requirements, 

The reel, which will be 

AUTOMATED TEMPORARY ROOF SUPPORT BOLTER 

A piece of equipment that will be built in two versions, one for 

use in the conventional section and one in the continuous section, is 

an automated roof bolter incorporating temporary roof support. 

basic machine chassis will be a Galis model 3510. The key features of 

this machine will be an automated magazine supplied bolter that can be 

remotely operated by the worker from the protective cab position to 

bolt a 20-foot-wide place without local repositioning of the machine. 

The 

In the remote-control operational mode, the capability will exist 

to drill holes and install bolts with a length of from 5 to 6 feet, 

depending on the machine version. The machine can also be utilized 

with the operator working at the head end under the remotely actuated 

temporary support canopy. In this mode, the capability will exist to 

drill holes and install bolts of whatever length required. 

For tramming, the bolts and drill steel are removed from the 

uasjaeine and cne protective canopy is then collapsed to a maximum 

height of approximately 3 feet. 



191 

CONTINUOUS-MINING SYSTEM CONCEPTS 

The scheduled start date for the underground demonstration of the 

continuous-mining system is about 4 months later than for the conventional 

section. The equipment development is, therefore, not as far advanced 

as in that discussed for the conventional section. 

The principle thrust for this equipment is to develop the capability 

to install a full bolting pattern automatically from the continuous- 

mining machine in order to obtain permanent support installation as 

rapidly as possible and allow the convenient utilization of continuous- 

belt haulage systems. The benefits of success in this development are 

apparent, but the problems encountered are also quite significant. The 

major obstacle is, of course, the space constraints. Existing continuous- 

mining machines are large and encumbered with considerable necessary 

machinery components, and the dimensions of the working space are, of 

course, limited. The on-board space available to accommodate equipment 

to drill and bolt a full three- or four-bolt pattern without restricting 

equipment maneuverability or effecting complete machine redesign is, 

therefore, extremely limited. 

What has been developed through the preliminary design phase is 

illustrated by the sketch in figure 1. The basic machine to be employed 

is a Joy 12CM1-15B full-face miner capable of driving a 15-1/2-foot 

entry. Four on-board bolters are shown which would permit the installa- 

tion of a four bolt pattern with a maximum center-to-center spacing of 

4-1 /2  feet. The bolting machine would employ a single drilling bolting 

I 
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head with magazine s to rage  and should b e  a b l e  t o  i n s t a l l  a b o l t  

approximately 2 f e e t  l e s s  than the  seam he ight .  

I n  order  t o  accommodate the  r e a r  b o l t e r s ,  the  opera tors  compartment 

has been removed, t he  conveyor extended, and the tailboom hinge p in  

moved forward. Two cabs have been added t o  the  tailboom, one f o r  the 

miner operator and one f o r  t h e  roof bo l t e r .  With the  hinge pin re loca-  

t i o n ,  t h e  maneuverability of t h e  machine i s  e s s e n t i a l l y  the  same a s  

with the  unmodified version. 

Operation o f  t h e  d r i l l i n g  bo l t ing  cyc le  i s  completely automated, 

and a l l  four b o l t e r s  a r e  con t ro l l ed  from the  ope ra to r ' s  cab. 

bo l t e r s  a r e  jack s t a b i l i z e d ,  and bo l t ing  should be poss ib le  during the  

shearing portion of t he  cyc le .  However, no slide-through capab i l i t y  

i s  incorporated,  and no d r i l l i n g  o r  bo l t i ng  can be  done during sumping. 

I t  is presently planned t h a t  t he  f ron t  b o l t e r s  w i l l  have an e ight -bol t  

magazine and the  r e a r  b o l t e r s ,  a four -bol t  magazine. Reloading, which 

is a simple i n s e r t i o n  process,  would be required a f t e r  about a 20-foot 

advance of t he  face. Bolting, i n  tu rn ,  is f e l t  t o  be poss ib le ,  although 

A l l  

I 

t h i s  w i l l  r equi re  some repos i t ion ing  of t he  machine t o  accommodate bo l t -  

spacing cons t ra in ts .  

machine is  pul led  ou t  of a p l ace  'since the  forward b o l t s  can be  placed 

no c lose r  than 12 f e e t  from the  face .  This pick up bo l t ing  w i l l  be 

accomplished by means of a' TRS b o l t e r  described previously.  

Some p ick  up bo l t ing  w i l l  be required when t h e  

I 

The ex tens ib le  b e l t  haulage system t o  be used w i l l  be the  Lee Norse 

system with one tram c a r  and seve ra l  d r ive  s torage  un i t s .  Each d r ive  
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storage u n i t  w i l l  accommodate a maximum length  of 150 f e e t  o f  b e l t ,  

which can  b e  extended o r  r e t r i eved  a t  a r a t e  of 140 f e e t  per minute. 

System capac i ty  i s  on the  order of 12 tons per  minute. Modifications 

to  the  ex tens ib l e  b e l t  system include t h e  addi t ion  of p ro tec t ive  cabs 

or canopies t o  a l l  u n i t s  and r ev i s ions  to the  s t ee r ing  and tram cont ro ls .  

ANCILLARY SYSTEMS 

Given the  time dura t ion  and ex ten t  of t he  demonstration phase of 

t h i s  program, i t  w a s  considered des i r ab le  t o  i n t e g r a t e  t o  the  maximum 

extent a l l  research  and development r e s u l t s  t h a t  could be incorporated 

i n  t h i s  phase. The add i t iona l  items t o  b e  incorporated a r e  those  

developed from t h e  e f f o r t s  of mining research ,  which is conducted both 

in-house and under con t r ac t  programs o t h e r  than t h e  "Inherently Safe 

Mining Systems" cont rac t .  

and/or systems t h a t  w i l l  be  incorporated i n  t h e  a reas  of roof con t ro l ,  

c m u n i c a t i o n s ,  i l lumina t ion ,  dus t  con t ro l ,  and monitoring systems. 

The following ind ica t e s  some of t h e  equipment 

The incorpora t ion  of t hese  elements w i l l  include both demonstration, 

i n  those cases where the  technology has a l ready  been proven, and test 

and eva lua t ion  where concepts a r e  s t i l l  under development. 

The items under cons idera t ion  f o r  incorporation a r e  a s  follows: 

Roof nonicor ing  

1. Hor izonta l  Roof S t r a i n  Ind ica to r  (HORSI) system 

2. 3-in-1 roof deformation and f a i l u r e  warning device  

3. U-type b o l t  tension ind ica to r  
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Roof Monitoring (continued) 

4 .  

5. Helix pressure gage 

6. Hand held infrared scanner for detection of loose material 

7.  Mobile shield -- during experimental phases of system 

Micro seismic roof-fall warning system 

development in SRCM, Bruceton, and at ISMS mine, if 
applicable. 

Monitoring, Communications. LiRhting 

1. Automatic monitoring of methane, air velocity, temperature, 
and CO 

2. Advanced carrier phone systems and portable pocket paging 
equipment for section personnel 

3.  New lighting systems including wide-angle incandescent, 
mercury vapor, and, as development permits, polarized 
andlor flourescent for face area illumination and 
electroluminescent for machine identification. Hardware 
includes machine-mounted, portable, and personal units. 

Dust Control and Monitoring 

1. Application of foam in both coal cutting and handling 

2. Air curtain respiratory device for personnel protection 

3. Wet-drilling for automated roof drills 

4 .  Continuous miner equipped with integral respirable dust 
scrubber and water sprays at cutter bits 

5. Portable dust meters 

6 .  Portable rock dust/coal dust analyzer, development 
permitting. 

I 
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IN-MINE DDlONSTRATION 

The p r e c i s e  demonstration start da te s  and loca t ion  a r e  cur ren t ly  

under review and cannot b e  s p e c i f i c a l l y  i d e n t i f i e d  a t  t h i s  time. 

planned, t h e  conventional sec t ion  w i l l  b e  demonstrated i n  a seam of 

about 4 f e e t  i n  he igh t  and the  continuous sec t ion ,  i n  about 8 foot coal.  

Since both of t hese  sec t ions  a r e  t o  be operated f o r  a years  dura t ion  

each, and numerous v i s i t o r s  a r e  an t i c ipa t ed  i t  is important t h a t  easy 

As 

access to t h e  sec t ions  be ava i l ab le  both i n  a geographic and in-mine 

sense. Another important consideration i s ,  o f  course ,  t he  cos t  of 

obtaining and opera t ing  these  demonstration f a c i l i t i e s  over t h i s  time- 

frame des i red .  

A number of l oca t ions  i n  West Virg in ia ,  V i rg in i a ,  I l l i n o i s ,  and 

Kentucky have been examined and are cu r ren t ly  being evaluated and i t  

i s  a n t i c i p a t e d  t h a t  t h i s  ques t ion  w i l l  b e  resolved shor t ly .  


